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UOT 621.311 

SMART V0 MiCRIOQRlD - GLOBAL TRENDL0R V0 AZ0RBAYCAN 
ELEKTROENERGETIKA SiSTEMINlN CEVIKLlYi 


Yusifbayli N.A*., Nasibov V**., Balazads l.M* 


*Az 3 rbaycan Dovlat Neft va Sanaye Unversiteti 
** Azarbaycan Elmi-Tadqiat, Lyiha va Axtari§ Energetika instututu 


Anotasiya. Maqabda elektroenergetika sistemlarinin muasir inki§af tendensiyalan fonunda 
smart§abaka va onun ayrlmaz hissasi olan mikro§abaka sistemlarinin sistemin §evikliyina tasiri nazara 
almmaqla XXI asr elektroenergetika sisemlarinin transforomasiya maslalarina konseptual baxilir va 
mikro§abakalarin sosial-iqtisadi asaslari nazardan ke 9 irlir. Elaca da Azarbaycan elektroenergetika sisteminin 
muasir 9 agri§lari qar§ilamasi U 9 un tovsuyalar taqdim olunur. 


A 9 ar sozbr. Smartqrid, mikrogrid, sistem qazasi, enerji tahlukasizliyi, paylanmi§ generasiya 
manbalari, Muhiim Fundamental Istqamat, Kommunikasiya va koordinasiya sistemlari 


Giri§ 

Elektroenergetika sistemi (EES) ifrastrukturu istanilan saneyala§mi§ olka iqtisadiyyatmm muhum 
sektorudur. EES elementlarinin kohnalmasi va elektrik enerjisina olan talabatm daima artmasi sistem/§abaka 
infrastrukturunun muxtalif sabablardan yaranan hayacanlandinci tasirlara qar§i hassasligmi artinr. Tabii 
falakat va digar sabalardan naticasinda yarnan sistem qazalan (blackout) EES tasarriifatma dayan ziyanlar 
daha geni§ miqyash olur. Son illarda, AB§ Eneiji Departamentinin taqdim etdiyi hesabatlara asasan, 
enerjinin oturulmasinda ba§ vermi§ fasilalar (5 daqiqadan artiq) naticasinda olka iqtisadiyyatma bar il 26 
milyard AB§ dollarmdan artiq ziyan dayir [1], Enerji taminatmda yaranan fasilalar smart (intellektual) va 
mikro §abakalarin (mikrogrid), elacada paylanmi? generasiya manbalarinin (PGM), enerji akkumulasiya 
(saxlanc) sistemlarinin, qeyri markazla§mi§, paylanmi? idaraetma sistemlarinin ahamiyyatini daha da artmr. 

Paylanmi§ generasiya manbalarinin va muasir paylanmi§ §abaka strukturunun geni§lanmasi EES-nin 
9 evikliyinin tamin olunmasi va qazadan sonraki rejimlarin barpa olunmasi konsepsiyasim koklii suratda 
dayi§mi§ir. 

Smart va mikro§abakanin yaranmasi (i) PGM va akkumulasiya texnologiyasi, (ii) istehlak 9 ilarm 
proaktiv talab-taklif reaksiyasi va (iii) enerji manbalari va §abaka strukturunun qeyri-markazla§mi§ idara 
etma falsafasinin formala§masmi zaruri etmi§dir. 

Texniki baximdan PGM tatbiqi yeni “hadisa” deyil, eyni zamanda qeyd olunmalidir ki, artiq enerji 
tachizatmda paylanmi§ generasiya daha az xarc talab edan usula 9 evrilmi§dir. 01batda, ilk novbada son 
illarda barpa olunan enerji manbalarindan (BEM) istifada texnolojiyalarmm kapital (capex) va amaliyyat 
(opex) xarclarinin kaskin azalmasi, informasiya - komunikasiya texnologiyalarmm EES-nin sistemlarinin 
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idars olunmasmda tatbiqinin geni^bnmasi va boywk hacmli informasiyalardan (big data) faydah 
malumatlarm aids olunma imaknlamm artmasi PGM-nin raqabat qabiliyyatini artimii§dir [ 2 ], Bu baximdan, 
BEM-nin ttabiqinin geni^bnmasi fonunda sistem elementbrinin intlektual avadanliqlarla avaz olunmasi 
elektroenergetika sistemlarinin 9evikiyinin tamin olunmasmm yeni konsepsiyasmm i§bnmasini tabb edir. 


1. Elektroenergetika sistemlarinin inki^afinin tarixi asaslari va qlobal trendlar 

insan sivilizasiyasmm yaranmasi enerjinin bu va digar forma va potensialli enerjinin istifadasi ib six 
alaqali olmu§dur. 

Bu miiddat arzinda insan sivilizasiyasi tarafindan istifada olunan enerjinin yalniz manbayi deyil, 
ham9inin hacmi, formasi va potensiali da dayi§mi§dir. Istehlak olunan enerjinin haem va parametrbrinin 
dayi§masinda tayinedici faktor yer kiirasi ahalisinin va insan faaliyyatinin iqtisadi ukladmm dayi§masi 
olmu§dur. Iqtisadi ukladm tipi dedikda, onun subyektbri va energetik resurslar da daxil olmaqla iqtisadi 
resurslarm novbri arasmda tasarriifat munasibatbri ba§a du§ulur. [ 3 ] 

Ba§ariyyatin keqmi? va hazirki istehsalat-tasarriifat faaliyyatinin analizi §arti olaraq iqtisadi ukladi 
be§ klassik tipa boliir. 

Cadval 1 -da goriinduyii kimi, har bir iqtisadi tipa, daima keyfiyyatca sada formadan daha universal 
formaya dayi§masi iimumi xassaya malik olan miiayyan iqtisadi ukladm parametrbri uygundur. 

Dunyada enerji tabbati, onun istehsal texnologiyasi va xarakteri asasli dayi§ikliya maruz 
qalmaqdadir. Enerjinin istanibn yerda va istanibn haemda alda etmak imkanilari formala§maqdadir. Son 
ilbrin enerji manbabrinin dinamikasi novbati onilliklarda enerji tabbatmm asasan barpaolunan resurslar 
hesabma tamin olunacagi haqqmda fikir soybmaya imkan verir. Bu marhab universal iqtisadiyyat ukladmda 
miikiin ola bibr. Yeni istehsal, naql, paylanma, istehlak va enerjinin akkumulyasiya texnologiyalari 
barprolunan enerji manbabrinin geni§ haembrda tatbiqini §atbndiracakdir. Bu mulahizabrin asasini in s an 
faaliyyatinin intelektualla§dinlmasi va raqamsalla§dirilmasi ta§kil edir. 

Eyni zamanda, olkabrin iqtisadi inki§afi sanaye iqtisadiyyati ukladmm tabbbri energetika 
qurgularmm vahid guciinun artirilmasim va bu guebrin istehlak markazbrina oturiilmasini tamin etmak 
maqsadi ib ytiksak garginlikli oturiicii sistembrin yaradilmasim zaruri etmi§dir. Buna generasiya 
manbabrinin miixtalif dinamik xassabrini va farqli idaraetma sistembrini alava etmak lazimdir. 

Miiasir dovrda real vaxt (on-line) rejiminda faaliyyat gbstaran va vahid strateji maqasdi (istehlak9ilan 
etibarh va keyfiyyatli elektrik enerji ib tamin olunmasim) hayata ke9iran miiasir EES-nin texnoloji strukturu, 
oziinda miixtalif makanlarda yerb§an, qar§ihqhalaqali va qar§iliqhtasirli miixtalif 9oxsayh texniki 
sistembrdan ibaratdir. Digar tarafdan qeyd olunmahdir ki, ta§kilati baximdan texniki sistembr miixtalif 
tasarriifat subyektbrinin (generasiya, otiirma, paylanma) ayrilmaz hissabridirbr. 

Texnoloji iqtisadi maraqlarm ziddiyyat ta§kil etdiyi §araitda, miiasir EES idara olunmasi dispet9er 
personal! iiqiin miirakkab konseptual psixoloji masala olaraq qahr. Dispetqer personal! tarafindan cald 
dayi§an prosesbr va 90xsayh lokal va sistem xarakterli tasirbr miihitinda adekvat qararlann qabul olunmasi 
miimkiin fiziki imkanlar 9ar9ivasinda kifayat qadar mahduddur. 
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Csdvsl 1. iqtisadi ukladin asas formalarmm klassifikasiyasi 


tqtisadiyyatm 

xarakterik 

tiplari 

iqtisadi ukladm parametrbri 

Subyektbr- 
arasi iqtisadi 
munasibat- 

larin 

xarakteri 

isatifada 

olunan 

iqtisadi 

resurslarm 

asas 

formalan 

itehsalm 

dominant 

faktorlari 

Enerji istehlaki 
strukturunda daha 
qox istifada oluanan 
novlari 

0mak 

resurslarmm 
miqyas va 
saviyyasi 

l.Primitiv 

iqtisadiyyat 

Fardi-qrup 

insanlarm 
fiziki amayi, 
barpaolunan 
tabii resurslar 

0mak, 

torpaq 

Tabii taglar va 
heyvanlarm tabii 
yagi va ati 

Praktiki 
olaraq lokal 
saviyada 

2. Aqro 
iqtisadiyyat 

bHO- 

apxejibHbiH 

Insan va 
heyvanlarm 
fiziki gucii, 
tabii resurslar, 
su va kulayin 
kinetik 
enerjisi 

0mak, 

torpaq, 

kapital 

Hevanlarm 
tullantilari, guna§ 
enerjisi, barpaolunan 
enerji resurslari 

ilki, lokal va 

regional 

saviyyada 

3. Sanaye 
iqtisadiyyati 

HHxepnaqHO 

HajibHa^ 

oxpacjieBa^ h 

MOKoxpacjieB 

a^ 

cneqHajiHsai^ 

M H 

Koonepai^Hii 

Tabii maddi 

va iizvi va 
qeyri-uzvi 
xarakterli 

siini resurslar 

intelektual 

amak, 

torpaq, 

kapital(infor 

masiya) 

Hasil olunan 
yanacaq-enerji 
resurslarmm istilik 
enerjisi Tenjiona^ 

OHepxH^ HC- 

KonaeMbix xonjiHB- 

HO-3HeprexHHecKHx 

pecypcoB 

Orta, asasn 

mini va 

regional 

saviyyatad 

CpQjimm, 

npeHMyn],ecxB 

enno j na 

Hai^HonajibHO 

MjnjiH 

pexHonajibHO 

mypoeHRX 

4. 

Informasiya 

iqtisadiyati 

rjioSajibHa^ 

cexeBa^ h 

BHpxyajibHa^ 

cnei^HajiHsai^ 

mi H 

Koonepai^Hii 

Maddi va 

intellektual 

resurslar 

intelektual 

amak, 

torpaq, 

kapital, 

informasiya 

(§uur) 

BbicoKa^ 3HeprH^ 
XpaAHI^HOHHblX H 

nexpaAHi^HOHHbix 

BH^OB 3Hepre- 

xHuecKHx pecypcoB 

Yuksak, 

beynalxalq 

saviyyada 

5. Universal 
iqtisadiyyat 

Universal- 

la§ma 

informasiya, 
kosmik va 

mental 

resurslar 

Intelektual 

capital, 

intelektual 

texnologiya 

, universal 

biliklar 

Barpaolunan enerji 
manbalarinin yeni 
novlari, o cumladan 

termoniiva va 

kosmik xarakterli 

0n yuksak 

saviyyada, 

qlobal 

miqyasda, 

habela 

kainatda 


Qeyd olunan bu obyektiv uygunsuzlugun naticasinda enerji ^irkstbrinin amaliyyat heyati tarafindan 
yol veribn noqsanlar va digar texniki sababbrdan, bbyiik hacmda iqtisadi vs sosial itkibrb naticabnan 
sistem (kaskadh) qszalan ba§ vermi§dir [3], 
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Son ilbrds bir sira olksbrds, o ciinilsdsn Azorbaycan Respublikasmda ba§ vermi§ bozi sistem 
qozalannm qisa xarakteristikasi csdvsl 2-d9 verilmi§dir [4,5], 


Csdvsl 2. 2003-2015-ci ilbrdo ba§ vermi§ sistem qozalannm xarakteristikasi 


Sistem qazasinin 
arazisi va tarixi 

Qaza zonasi 

Osas sabablari 

A^ilmi^ 

guc 

hacmlari, 

GW 

Dava 

m 

etma 

rntid- 

dati 

Barpa 

-etma 

miid- 

dati 

AB§i V9 Kanada, 

14 avqust 

2003-cu il 

8 §tat, Ontario, 90X 
sayda sistem va 
sistembrarasi 
operator, 50 milyon 
insana tasir etdi. 

§abaka du34inbrinin 
maksimum yiiklanmasi 
va yenidan i§a 
du§masi, Hava elektrik 
verili§ xatbrinin 
agilmasi statik va 
dinamik dayamqligm 
pozulmasi 

61 

saatlar 

48 saat 

Finlandiya, 

23 avqust 

2003-cu il 

PaiioH XentcHHKH, 

1 CHCXeMHtlH 

onepaxop 

Personalin sahvi 

0,5 

0 

15-71 

MHH 

isveg V9 

Danimarka, 13 
sentyabr 2003-cu 
il 

Bu olkabrin enerji 
sistembri, 2 sistem 
operatoru, 4 milyon 
insana tasir etdi. 

Fovqalada vaziyyat 
yaradan daxili va xarici 
amilbrin ust-usta 
du§masi 

6,6 

0 

1,0-6,5 

saat 

italiya va tsve^ra, 
avqust,2003 

Bu olkabrin enerji 
sistembri, 2 sistem 
operatoru, 56 
milyon insana tasir 
etdi. 

Boyiil yiik va 
§abakanin yenidan i§a 
du§masi, Hava EVX- 
nin a 9 ilmasi 

28 

25 daq 

3-18 

saat 

POCCHH, 

25 avqust 

2005-ci il 

Olkanin 7 markazi 
bolgasinin enerji 
sistembri 12 
milyondan 90X 
insana tasir 
gostarmi§dir 

Bir yarimstansiyada bir 
transformatorun 
partlamasi, yenidan i§a 
salma va EVX-nin 
agilmasi 

3.5 

10" 15 
daq 

4-24 

saat 

tndoneziya, 1 8 
avqust 2005-ci il 

100 milyon, 
ahalinini 50%-i 

Cileqon -Saguling 
agilamsi va Paiton 
stansiyasmm 
dayanmasi 

2.7 


5 saat 
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Qarbi Sibir, 11 
avqust 2009-cu il 

3 HeprocHCTeMbi 6 
odjiacTCH, 
saxpoHyxo 6 ojiee 7 

MjiH Hen. 

BspbiB rHApoarperaxa 
Caano-IUymeHCKOH 

r3C, oxKjiioHeHHe BJI 

6A 

H/n 

H/n 

AB§, Kanada va 
Mesika, 8 
sentyabr 2011-ci 
il 

Kalifomiya,San- 
Dieqo, Imperil 
vadisi, vo s. 2.7 
milyon insan 

500 kV-luq hava 
xottinin a 9 ilmasi vo 
digor xotbrin ifrat 
yiikbnmosi 

7,4 

11 doq. 

23 saat 

22 

doq. 

Hindistan, 30 -31 
iyul 2012-ci il 

22 §tat, 620 milyon 

400 kV-luq Bina- 
Gvalior xottin a 9 ilmasi 

32 


24 

saatda 

90 X 

Banqlade^, 1 
noyabr 2014-cu il 

Banqlade§in biitiin 
9razisi,150 milyon 
ohali 




12 saat 

Pakistan, 26 
noyabr 2015-ci il 

Pakistamn 80 % 

(140 min insane) 
hissosi 

Sindh 

yarimsatnsiyasmda 
a 9 ilmasi -terror 
noticosindo 



20 saat 

Tiirkiya, 31 mart 
2015-ci il 

Turkiyonin 81 
oyabtini, 70 milyon 
ohali 

SES ifrat yukbnmosi 

V 3 haxa xottin tomirdo 

olamsi 

45 


4 saat 

Ukrayna, Krim, 

21 noyabr 2015- 
ci il 

1.2 milyon ohali vo 
digor istehlak 9 ilar 

Hava xottindo dayagm 
zodobnmosi 

0,8 

1 


Azerbaijan, 3 
iyul 2018-ci il 

9,8 milyon ohali 

“Azorbaycan” elektrik 
stansiyasmda CT-nm 
zodobnmosi vo 

miihafizonin imtinasi 


' 2 saat 

' 8 saat ' 


Sistem qszalannm ba§ vermssinin ssas ssbsbbrini a§agidaki kimi qrupla§dirmaq olar: 

Informasiya tsminatmin kifayst qsdsr olmamasi; 

Qazanin bgvi prosesinda kommunikasiya va koordinasiya sistembrinin qeyri-effektiv olmasi; 
Omsliyyat heyatbri arasmda onlarin faaliyyatini tanzimbysn prosedurlarm qeyri takmil olmasi; 
Texniki vasito vo metodlarm kohnolmosi; 

Gmiliyyat heyotini hazirliq soviyyosinin a§agi olmasi; 

Qoza senaribrinin modelb^dirilmosi soviyyosinin a§agi olmasi; 

Real vaxt rejimindo faz bucaqlarmm doyi^mosino vo gorginlik soviyyobrino nozarot vo qeydiyyati 
U 9 un avtomatik vasitobrin olmamasi vo operativ hesbatlarm apilmasi U 9 un proqram tominatmm 
zoif olmasi; 
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Avtomatik nszarst sisteminin qeyri tskmil olmass; 

Terror hiicumlan. 

Bir Sira olkabrin, o ciimbdan AB§-nin Milli Berkli laboratoriyasinm apardigi tadqiqatlarm 
naticabrina gora, yalniz AB§-da ba§ veran sistem qazalari naticasinda illik itkibrin hacmi 80 milyard AB§ 
dollari saviyyasina 9 atir. Bununla alaqadar hayat tarzinin macburi dayi§masi ib bagli sosial itkibrin hacmi 
itkibrda daha daha 90 X paya malikdir. Buna eneiji istehsalmm biitiin marhabrinda atmosfera atilan zararli 
tullantilan da alava etmak lazimdir. Miiasir sistembrda ayriliqda energetik qurguda qazanm ba§ verma 
ehtimali az olsa da, onlann sayinin kifayat qadar artirilmasi qazalarm ba§ verma ehtimalmi ahamiyyatli 
daracada artirir. 

Sistem qazalari naticasinda iqtisadi - sosial sahabra dayan zararbrin hacmi bir sira hallarda tabii 
falakatbr naticasinda dayan ziyanlarla miiqayisa olunan saviyyada va bazi hallarda isa onlardan daha 
§oxdur. 

Yuxarida qeyd olunan bu va digar faktorlari nazara alaraq, yeni xassali texniki, iqtisadi, ekoloji va 
sosial 9 agin§lar fonunda, artan va miixtalif tayinatli energetik va digar iqtisadi resurslar axmm tahliikasiz 
idara olunmasi tabbi milli va qlobal miqyasda yanacaq-enerji kompleksinin (YEK) konseptual asaslarmm 
i§bnilmasini/takmill§dirilmasini §artbndirir [6,7,8]. 

Malumdur ki, diinya YEK-nin hazirki va novbati inki§af marhabsinin asas maqsadi diinya 
iqtisadiyyatmm davamli inki§afina va regional enerji tahliikasizliyinin tamin olunmasma nail olunmasidir. 
Diinya iqtisadiyyatmm davamli inki§afi iqtisadiyyatm iqtisadi cahatdan effektiv va ekoloji tamiz enerji 
resurslari ib tarn al 9 atanhgm tamin olunmasm ib ifada olunur. Eyni zamanda, artan iqtisadiyyatm effektiv 
enerji taminati zaman ke 9 dikca pisbkmakda davam edir. Bunun asas sababi hazirda daha 90X istifada olunan 
(orta hesabla 73 % hissasi) enerji resurslannm ananavi va barpaolunmayan xarakterli olmasidir [9,10], 

Bu baximdan, hazirda movcud olan enerji, xiisusib elektrik enerjisinin istehsah, otiiiulmasi va 
paylanmasi texnologiyalarma yenidan baxilmasi vacibdir. 

Elektrik enerjisina olan boyiik hacmda tabbat va onun ani olaraq istehsal 9 idan istehlak 9 iya verilmasi 
va miitlaq paylanmasi kimi xassabri, elektrik enerjisinin biitiin proses marhabbrinin fasibsiz idara va 
tanzimbnmasini §artbndirir. “BP Statistical Review of World Energy (2019)”-nin malumatma gora 2018-cu 
ilda diinya iizra elektrik eneijisinin hasilati 2000-cli ib nisbatan 57 % artaraq 22948 Teravat-saat ta§kil etmi§ 
va novbati ilbrda da bu artim tempinin orta hesabla davam etmasi proqnozla§dinhr. Elektrik enerjisinin 
2018-ci hesab ilinda sarfina gora diinya olkabri arasmda Qin Xalq Respublikasi 6230 birinci, AB§ isa 3953 
ikinci, Hindistan 1227 milyarsd-saatla U 9 uncu, Azarbaycan isa 23,9 milyard-saatla 190 olka arasmda 71-ci 
pilbda qararla§mi§lar [11], Azarbaycan Respublikasmm elektrik eneijisi istehlaki son 18 ilda 47 % bandi 
qeyda almmi§dir [12,13], 

Elektrik enerjisina artan tabbatm qar§ilanmasi maqsadib, cografi cahatdan miixtalif olkabrda, hatta 
kontinentbrda yeni generasiya manbabrinin (ananavi va ya qeyri ananavi) istifadaya verilmasi, 
istehlak 9 ilarm sartb§diribn etibarli, tahliikasiz va samaralik meyyarlari §araitinda, onlann elektrik eneijisi 
ib taminatim kifayat qadar murakkab masabya 9 evirir. Mmurakkab infrastruktura malik olan miiasir EES- 
da i§iq surati ib dayi§an enerji axmlarmm ananavi texnologiyalarla idara olunmasi etibarhq kriteriyalarma 
tarn hacmda cavab vermir. Bunu yuxarida qeyd olunan, son ilbrda Amerika, Avropa, Asiya, va s. 
kontinentbrinda ba§ vermi§ sistem qazalari bir daha tasdiqbyir. Bu va digar faktorlar, 2005-ci ilda 
iEEE&Magazine [14] jumalmda “Agilli §abaka” (Smart Grid) anlayi§mm va novbati ilda Avropa §urasmm 
“Avropa elektrik §abakasinin gabcaya baxi§ va inki§af strategiyasi” adli sanadinin formala§masmi zaruri 
etmi§dir. Ba§qa sozb, EES-nin intellekt saviyyasinin yiiksaldilmasi va ya intelektb§dirilmasi miiasir va 
gabcak sistembrin asas inki§af konsepsiyasim ta§kil edir. Bu konsepsiyasiyanm asasini vahid informasiya 
platformasmda faaliyyat gostaran, inteqraolunmu§ sistem olmaqla oziinu, generasiya manbabri, otiirma va 
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paylanma sistembrim va butiin istehlak^ilan va idaraetma sistembrini dzunda birb^diran EES-ni “on-line” 
rejimindo idaro olunmasi t3§kil edir. 

2. Smart va mikro ^abakalarin yaradilmasmm iqtisadi-sosial asaslari 

Smart texnologiyalarm surotli inki§afi hazirda EES vacib transformasiya morhobsino qadom 
qoymaga miinbit §9rait yaratmi§dir. 2005-ci ildan ba§layaraq diinyamn bir sira aparici elm markazbri 
tarafindan raqamsal texnologya va yeni materiallara asaslanan XXI asrin EES-nin konsepsiyasi i§bnmi§dir. 
Bu elmi markazbrinin ilk sirlannda yer alanlardan Amerika Birb§mi§ §tatlarmm (AB§) Enerji Departamenti 
(Department of Energy - DOE) va Milli Enerji Texnologiyalari Laboratoriyasi (National Enegy Technolojy 
Laboratory - NETL) tarafindan EES-nin effektiv idara olunmasmm qevikliyini tamin edilmasi iiqun §akil 1- 
da gostaribn be§ Miihiim Fundamental istiqamdt (MFI) muayyan edilmi§dir. 


N 

Takmil Nazarat 
Metodu 

_ J 



- ^^ 

Takmil 

Komponentlar 
_ y 


§akil 1. NETL-in be§ MFl sahasi. 

Qeyd edak ki, MFI-in daxilinda inteqrdolunmu§ Komunukasiya markasi movqeya malikdir. Otiirma 
sistembrinin tahliikasiz i§ rejimbrinin tamin olunmsmda Kommunikasiya sistembrina olan tabbbr 
malumdur. Geni§ tezlikli, tahliikasiz va ki§ik }mbanma qabiliyyatli (low-latency) kanallar vasitasi ib 
yarimstansiyalarm 6z aralannda va idaraetma markazbri ib alaqabndirilmasi digar MFI-in effektiv 
faaliyyatini §artbndirir [15]: 

Oxuma va Olgmd gostaricibrina yiiksak suratli kanallarla oturiibn faz ol 9 ubri da daxildir; 
Tdkmil Komponentlar, 9 evik dayi§an carayanli otiirma sistemi qurgulari (flexible ac transmision 
systems, FACTS), yiiksak garginlikli dtiirma sistembri (High Voltage Direct Current, HVDC), 
caryan mahdudla§dirici qurgulan (current-limiting devices, CLD), yeni akumlyasiya sistembri 
va s., millisekundlar arzinda meyletmabr ba§ veran iinvana idaraedici siqnallari gondarir; 

Takmil Nazarat (mUhafiza) metodu kisik yubanma qabiliyyatli kommunikasiya vasitasi ib xatbrin 
diferensial relebri, qoyulu§ qiymatbrinin adaptiv dayi§masi va inteqra olunmu§ muxtalif 
miihafiza sistembrini dziinda birb§dirir; 
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Qdrarlarin Ddstdkldnnidsi vs tskmil interfeys sistemi faz ol^ii qurgusu (phase measurement unit, 
PMU) vs digsr msnbslsrdsn daxil olan ani 6 l 9 ulsrin surstli email, eyni zamanda vizualla§dirlmasi 
sistem operatorlarma sistemin dinamik dayaniqligmm pozulmasi 9 agriri§lari ils bagli qabaqlayici 
addimlarm atilmasma imkan verir. 0 nsnsvi vizualla§dirma texnikasi enerji menecment 
sisteminds (EMS) istifads olunur. Bu instrument §sbsksnin diiyun noqtslsrinds gsrginliyin, xstlsr 
iizrs giic axmlannm dinamikada izlsnmssins imkan verir. Faz ol^ii qurgulan sistemin qeyri- 
balans gostsricilsrinin dl 9 ulmssini vs qeyri-balansm msnbsyinin miisyysn olunmasim vs aradan 
qaldirilmasim mumkun edir. Mslumdur ki, birba§a faz 6 l 9 mslsrinin texniki imkanlan vs 
vizulla§manm geni§ shatsli 0I9U sistemi, WAMS (wide-area measurement systems) vasitssi ils 
hsyata ke 9 irilmssi, EES-nin sistem shsmiyystli elementlsri iizrs gsrginliyin faz-bucaq profillsrini 
mu§ahids etmsys vs sistem monitorinqins vs bunlara ssaslanan qabaqlayici idarsedici vs 
tsnzimlsyici tssirlsrin kdmsyi ils idars olunmasma imkan verir. Sonda qeyd olunanlar PMU ils 
slaqslsndirilmi§ geni§ shatsli 6I9U, miihafizs vs nszarst sistemi olan WAMPACS (wide-area 
measurement protection and control system) vasitssi ils hsyata ke 9 irilir. 


3. Mikro§sbsksnin (mikroqridin) tstbiqinin ssaslan. 

Qeyd olunan MFi-s slbstts, EES-nin etibarhgmi, qevikliyini, ekoloji tarazhgmi vs enerjiys slqatanhgi 
kimi idkatorlan slavs etmsk olar. 

Yuxarida qeyd olunan elementlsrin 

hsr bin EES-nin, hsm otiirms, hsm ds xiisusi ils, paylanma sistemlsrinin modenizasiya msrhslssinds 
tstbiqini zsruri edir. Bels ki, tarixi faktorlarla slaqsdar, bir qayda olaraq, paylanma sistemlsri snsnsvi olaraq 
daha a§agi ssviyysds avtomatik idars etms sistemlsri ils tschiz olnmu§lar. 


§sk. 3. 
(msnbs: 
2016) 


Tipik mikro§sbsksninin goriintusu 
iEEE Electrification magazin /march 


Microgrid Master 
Controller 


Ba§qa sdzls, otiirms sistemlsrinnin inki§afi 
tskamiil yolu ils ba§ verirss, elektrik enerjisinin 
paylanmasmda adekvat inki§af ssviyyssins nail 
olunmasi inqilabi yana§ma tslsb edir. Paylanmi§ 
generasiya vs akkumulyasiya, tslsb-tsklif, tskmil 
dl 9 ms infrastrukturu, paylanmanm avtomatika 
sistemlsri, ikitsrsfli giic axmlan vs bu ssbsbdsn 
paylanma sisteminin strukturunun vs oan olan 
tslsblsrin ssash surstds dsyi§mssi boyiik hscmds 
maliyys vs intellektual kapital tslsb edir. Qeyd 
olunmahdir ki, paylanma sisteminin paradiqmasi 
otiirms sistemlsrinin shsmiyystini a§agi salmir. 

Aparici ekspertlsrin fikri ils razila§maq olar ki, 
yaxin on illikds ssas generasiya msnbsyi ki mi 

bd 3 dik giic msrkszlsri vs bu ssbsbdsn dtiiriicii sistemlsrin shsmiyysti 3 dikssk olaraq qalacaqdir. Eyni 
zamanda, generasiya msnbslsrinin paylanmi? strukturu fslssfssins uygun, orta hesabla 15 il svvsl EES-ds 
ba§lanilmi§ inki§af tendensiyasi artiq dz nsticslsrini gostsrmskdsdir. Birls§mi§ Millstlsr Ts§kilatmm Ba§ 
katibinin 2011-ci ilds irsli siirdiiyii Davamh Enerji Kami uqun (SE4ALL) ts§sbbusu 9 sr 9 ivssinds 2030-cu 



Energy 

Storage 


Aggregators 


Conventional 

Distributed 

Generation 


Electric Vehicle 
Parking Lot 


Renewable 

Distributed 

Generation 
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ibdsk biitiin eneiji xidmstbrins sl^atanligm nail olunmasi, eneiji effektivliyini vs qeyri snsnsvi enerji 
msnbsbrinin payinm iki dsfs artmlmasi msqssdbri davamh eneiji tsminatmm inki§afma yardim etmi§dir. 

Aydmdir ki, bsrpaolunan enerji msnbsbri (BEM) enerji istehsalmda snsnsvi msnbsbrini svszbys 
bibcskdir, eyni zamanda, qeyd edsk ki, snsnsvi eneiji msnbsbrinin malik olduqlan idarsolunam vs 
tsnzimbnms imkanlari BEM-in movcud imkanlanna nisbstsn daha yiiksskdir. 

Eyni zamanda 5 dikssk gsrginlikli otiirms sistembri, yarimstansiyalar vs stansiyalar qsza hallannda yuk 
axmlanm mshdudla§dirir. Son ilbrds kommunikasiya sistembrinin EES-ns inteqrasiya olunmasi vs onun 
ayrilmaz hissssins 9 evrilmssi vs sistemin 9 evikliyinin yiikssldilmssinds miistssna rolu, komunukasiya 
sistembrinin vs idarsetms msrkszbrinin tshliikssizliyinin artinlmasmm arxivacibliyins i§ars edir. Sistemin 
9 evikliyi, Birb§mi§ §tatlarm Milli Bsrpaolunan labaoratoriyasi tsrsfindsn miisyysn olunmu§ tsrifs gors, 
sisteminin tsbb vs tsklif dsyi§ikliyins cavab verms qabiliyystidir [16]. Bdyiik Britaniya Hdkiimst ofisi 
tsrsfindsn miisyysn olunmu§ tsrifs gors, sistemin 9 evikliyi, tssirbrs doziimlu, csld reaksiyali bsrpaolunma 
vs etibarliq kimi komponentbri oziinds birb§dirir [17]. 

Mslumdur ki, sistemin etibarligim artirilmasma N-1 vs N-2 etibaliq kriteriyalarmm tsmin olu nm asi 
yolu ib nail olunmalidir. Etibarliq yalniz hsyacanlandinci tssirbrin saymm azaldilmasi yolu ib deyil, hsm 
ds sistemin bu tssirbrs adekvat tssir etms qabiliyysti ib xarakterizs olunur. 

C^evik sistemin yaradilmasi yollarmdan biri ds avtonom mikro§dbdkdninin rolunun geni§bndirilmssi 
ola bibr. Mikro§sbsks gsbcsk smart §sbsksnini baza elementi olmaqla, 9 evik sistemin yaradilmasmda 
muhum rol oynayacaqdir. §skil 3-ds gostsrildiyi kimi, mikro§sbsks i§bdicibr, paylanmi§ generasiya 
msnbsyi, sads dsyi§sn csrsyan dovrssi vs §sbsks ib slaqsbnmssi 9 evikliyi artirilmasm §srait yaratmi§dir 
[13]. 


Mikro§sbsks hsm §sbsks ib paralel, hsm ds ada rejiminds fsaliyyst gostsrs bibr. Normal rejimbrds 
§sbsks ib sinxron zonada i§bdiyi halda, qa 9 ilmaz qsza rejimbri ba§ verdikds, mikro§sbsks istehlak 9 ilari 
paylanmi? generasiya msnbsbri hesabma tsmin edir. Qeyd edsk ki, hazirda mikro§sbsksnin EES-nini 
operativ idarsetms, planla§dinlma, 9 eviklik, tshliikssizlik, etibaligi vs bsrpaolunma msssbbrins tssiri 
kifayst qsdsr tsdqiq olunmami§dir. 

Mikro§sbsks, hsm 9 inin sistemin 9 evikliyinin yuxarida qeyd olunan kompnentbrinin inki§afma tssir 
eds bibr. 0 nsnsvi olaraq, qszandan sonraki rejimin bsrpa olunmasi ardicil olaraq 119 msrhsbds icra olunur 
(§skil 5): generasita sistembrinin bsrpa olunmasi, oturms sistemin hazirlanmasi vs yiikbrin bsrpaolunmasi. 
Ysni bsrpa prosesi geberasiya sistembri ssviyyssindsn ba§layir vs istelak 9 ilarda yekunla§ir. Bu proses bszi 
hallarda biir ne 9 s saat vs daha 90 X zaman tsbb. Bu addimlann ssas msqssdi istehlak 9 milari imkan daxilinds 
etibarli enerji tsminatim bsrpa etmskdir. 

Birinci kateqoriyali istehlak 9 ilar fonunda snsnsvi-msrkszb§dirilmi§ bsrpaolunma prosesins 90 xsayli 
9 atimazhqlarlar xasdir. Bu baximdan mikro§sbsks novbsti iistunluklsrs malikdir: 

■ amaliyyatin gevikliyi - hadiss zamani mikroqrid controllerbr vasitssi ib yiikssk vs zsif axmlari 
tshlil edsrsk i§ rejimini avtomatik rejimds miisyysn edir vs zsruri hallarda §sbsks 
konfiqurasiyasim, msnbsbrin strukturunu vs miivafiq olaraq miihafizs sistemini dsyi§ir. 

■ Oziinii tdminetmd - xarici enerji tsminatmda fasibbrin yaranma halmda mikro§sbsks istehlak 9 ilari 
paylanmi§ generasiya msnbsbri (PGM) hesabma hs 3 ^aa ke 9 irilir vs bsrpaolunma prosesi kifayst 
qsdsr sads yolla icra olunur. 
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§ 9 k. 5. Gnsnsvi qszamm bsrpaolunma prosesi 

Qeyd oluna iistunluklar tabii falakatbr zonasmda daha aydm hiss olunur. Niimuna kimi, 2001-ci il 11 
mart tarixinda Yponiyada ba§ vermi§ malum tabii falakat zamam, Tohoku Fuku§i unversitetininda faaliyyat 
gostaran mikro§abaka iki giin miiddatinda xastaxana da daxil olmaqla bir qrup istehak 9 ilar fasilasisz elektrik 
enerji ila tamin olunmasim gostarmak olar. 

Mikrogridin vacib ustunluklarindan biri, yuxarida qeyd olundugu kimi, oziinu barpaetma 
qabiliyyatidir. 0 har bar habsi sabadan mikro§abakada zadalanma ba§ verarsa, onda §abaka oturucii va 
paylanma §abakasi tarafindan daxil olan informasiyalar asasmda yerli oziinii barpaetma funksiyasim i§a sahr 
daha 90 X isyehlak 9 ilarm qisa miiddat arzinda elektrik enerji taminatim barpa edir. 

Qeyd etmak lazimdir ki, mikro§abakanini tatbiqi miiayyan konseptual naticalarin alda olunmasma 
imkan verir: 

Mikrogridin vacib elementi 9 evik komunukasiya infrastrukturunun olmasidir; 

Mikrogridin tatbiqi sistem elementiarinda 90 xsayli raqamsal oturucii, qabuledici va idaraedici 
sistemlarin qura§dirhmasmi zaruri edir; 

Markazla§dirilmi§ idaraetmadan qeyri-markazla§mi§ iisula ke 9 id enerji tachizat sisteminin on¬ 
line rejiminda idaraetmanin 9 evikliyini artinr; 

PPGM-nin (masalan, gucii 30 kVt-dan 90X olmayan cardaxda qura§dirilan guna§ panellari va 
dizel generatorlari) tatbiqi mikro§abakaninin planla§dinlmasmi va idara olunmasim stimila§dirir; 
Sistem baximmdan PGM tezlik nazarati va dispet 9 er idara 9 iliyina tabe olmur; 

Mikro§abakda PGM-in inteqrasiyasi, qa§iliqli idara olunmasi, muhafizasi, nazarat olunmasi va 
kommunikasiya sistemlarinin yeni standarti va siyasati inki§af inki§af etdirilir. 

Mikro§abakanin bu konsepsiyasi miixtalif olkalarda hayata ke 9 irilan pilot layihalarda smaqdan ke 9 irilmi§dir 
[7], 


Mikro§abaka adatan iki kateqoriyaya, avtonom rejimli (off-grid) va §abaka ila sinxron zonada (grid- 
connected) i§layan sistemlar boliinur. tkinci 6 z novbasinda, Campus mikroqrid (univesitetlarda, sanaye 
parklarmda, boyiik xasataxanalarda, fabirik va digar enerji istehlak 9 ilara bilavasita yaxm arazilarda enerji 
taminatmm mevilkiliyini artinlmasi, qiymatinin a§agi salmmasi va korbon emissiyasmm minimizasiyasi 
maqsadi ila yaradihr), Hdrbi (harbi qurgularm fiziki va kiber tahliikasizliyini timin olunmasi u 9 un 
formala§dirilir), Komuna (ananavi §abakanini buyiik seqmetini ahata etmakla, enerji tahcizatmm etibarligmm 
va samaraliliyinin tamin olunmasi maasadila yaradihr) va bort mikrogrida (damir yolu qatarlarmm, 
tayyaralarin, gamilarin va elektrik avtomobillarin enerji tachizati U 9 un nazarda tutulur) bolunr [IEEE]. 













Miiasir csmiyst ssassn infrastukturlardan (massbn, elektrikb^ms, kommunikasiya, nsqliyyat, su v 
3 qaz hasilati vs tsminati vss.) asili vsziyystds inki§af edir. Bu ssbsdsn istsnibn fasib kaskadvari inki§af 
edarak bu infrastruktrlarda fasibbrbrb naticabnir. Mikrogridin tatbiqi infrastruktur asilligmi aradan 
qaldirmaga imkan verir. 

Ham paylayici, ham da elektrik enerjisinin otiirma sisteminin real zaman kasiyinda informasiya 
miibadibsi apara bilmasi, ebca da generasiya manbabrini ahata edarak umumi kommunikasiya ^labakasi ib 
izbns bibn bir sistemin yaradilmasi EES-nin effektivliyini kifayst qsdar artirir. Xiisusib, Azsrbaycanda 
yaxm gsbcakds shamiyysti getdikcs artan barpaolunan enerji msnbabrinin da istifadasinin geni^bnmssi 
cadvsl S-ds gostaribn iistiinltikbri ib §art3nan mikro^sbaksnin tatbiqini asaslandinr. 

Xiisusib, mikroqrids muxtslif eneiji da§iyicilannm mdvcud oldugu miihitbrda hab rolunu oynaya 
bibr. Mextalif ndv eneniji da§iyicilarmm dispet^erizasiyasi algatanliq, qiymat, enerji effektivlikyi, ekoloji 
tasirbri va tahliikasizliyi kimi spesiflk kriteriyalari nazara almmalidir. Bela ^araitda enerji saxlanclari 
(akumlyasiya sistembri) va geviricibr xususi rol oynayirlar. Bundan alava enerji saxlanelari qeyri-ananavi 
enerji msnbabrinin akssr ndvbrinin klimatik parametrbrdsn asili olaraq dayi^sn msnbabr oldugunu nazara 
alaraq, elektrik tachizatmda fasibbri aradan qaldirmaq iigiin muhiim potensila malikdir. Glbatds, bu 
texnologiyalann (elektrokimysvi, istlik, mexaniki) inki§afi hab ki, biitiin tabbbra tarn cavab vers bibcak 
qabiliyyata mailk deyil. 


Cadval 3. intelektual ^abakabrin funkisonalligi 


^abaka baximmdan 

istehlak9i baximmdan 

atraf miihit 

baximmdan 

Texnologiya 

baximmdan 

> Tshliikssizlik 

> Msnfast 

> Yax§ila§diri 

> Dizayn, 

> Qoxfunksiyalihq 

> Mahsuldarliq 

lmi§ atraf 

qura§dirma va 

> ^abakanin modernizasiya 

> Elektrik enerjisina 

miihit 

istifadasi 90X 

fiirsstbri 

olan tsbbatm lokal vs 

> Karbon 

asandir 

> istehsahn istehlak 

qsnastli ^skilds 

emissiya- 

> Bu yerli 

markazbrina yaxmla§dirilmasi 

odanilmasi 

smm 

istehsahn 

> Otiirma va paylama itkibrinin 

> Raqabat giicii 

azaldilmasi 

inki§afma 

azaldilmasi 

iistiinluyu 


imkan vera 

> Enerji ke}d’iyy3tind3 dsyi^iklik 

> Tsminat davamhhgi 


bibr. 


Natica 

Beblikb, migroqrid dab deyil, XXI asrin enerji sistembrinin istehsal va tasarriifat faaliyyatbrinin 
t3§kili U9un davamli iqtisadiyyatm tabbbrina cavab veran texnologiyalann inki§afi U9un yeni imkanlarm 
msntiqi istifadasidir. Buna gora inki§af etmi§ olkabr bu imkanlardan milli iqtisadiyyatlannm rsqabat 
qabiliyyatinin tsmin olunmasi maqssdib, ssybr gostsrir, EES-nin 9evikliyini, tshliikasizliyini va an 3mks3k 
effektivliyini tamin etmak U9un sistemda yeni texnoloji infrastrukturun yaradilmasi U9un boyuk sarmayabr 
qoyur. 

Yuxarida qeyd olunalari va mikro^iabakanin tatbiqinin malum ustunluklarini (EES idaraetma 
paradiqmasim dayi^iir; “on-grid” va “off-grid” rejimda i^ibma qabiliyyati ham ^abakanini, ham da 
istifad39ibrin eneiji taminatmm 9evikliyiyin artirilmasma §3rait yaradir; enerji istifad39ibrin infrastruktur 
asilhgmm azadilmasi mikro^abaksbrin hayacanladmci tasirb 9evikliyinin artinlmasma va effektiv 
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idarsetmsys imkan verir, ekoloji tarzhgm tamin olunmasma §9rait yaradir, istehsalat aktivbrinin istiafdasinin 
effektivliyini artmr, vs s.) nazara alaraq, Azarbaycan da milli iqtisadiyyatm raqabat qabiliyyatini artirmaq 
U 9 un elektroenergetika sektorunda oz agilli infrastrukturana sahib olmalidir. 
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UOT 621.1 


HtDROGENDON iSTiFAD0 OLUNMAQLA B0RPA OLUNAN ENERjl M0NB0L0Ri 
0SASINDA UCQAR K0NDL0RiN iSTlLIK V0 ELEKTRIK ENERjtSl T0MiNATI 

Badalov A.B.*, Kalbiyev R.K.** 

*Alternativ va Barpa Olunan Enerji Manbalari iizra Dovlat Agentliyi 
** Azarbaycan Dovlat Neft va Sanaye Unversiteti 

Anotasiya. Avtonom enerji kompleksi istehlak 9 ilari etibarli elektrik va istilik tachizati ila tamin etmalidir. 
Guna§ elektrik stansiyasi, istilik nasosu, dizel elektrik generatoru va hidrogen istehsali, saxlanmasi va enerji 
istehsah sistemindan ibarat enerji kompleksinin samaraliliyini ara§dirlir. Kompleksda guna§ enerjisindan, 
istilik nasoslanndan, dizel generatorundan va hidrogen enerjisina asaslanan enerji saxlama sistemindan 
istifada edarak ortaq istifada nazardan ke§irilir. 

Agar sozlar. Guna§ elektrik stansiyasi, istilik nasoslan, dizel generatoru, hidrogen enerjisi, enerji 
kompleksi 

Giri§ 

Azarbaycan Respublikasi cografi movqeyina va iqlim §araitina gora alternativ enerji manbalarindan 
istifada U 9 un alveri§li imkanlara malikdir. Olkada 9 aylarm, guna§in, istilik nasoslarmm, kulayin, yeralti isti 
(geotermal) sularm va biokiitlanin enerjisindan istifadanin geni§ imkanlan vardir. 

0nanavi resurslarm tabii ehtiyatlannm azalmasi, ehtiyatlarm barpa olunmamasi, habela yanacaq 
novlarinin qiymatlarinin qeyri-stabil va dayi§kan olmasi, neft va qaz kimi resurslarm olkalarin siyasi va 
geoloji maraqlarma xidmat U 9 un tazyiq vasitasi kimi istifada edilmasi, bu yanacaq novlarinin istifadasinin 
ekoloji tarazligm pozulmasmda muhrim rol oynamasi giinii-giindan barpa olunan enerji manbalarina maragi 
artirmaqdadir. 

Respublikamizda qazla§dinlmasi samarali olmayan ucqar ya§ayi§ mantaqalarinin barpa olunan enerji 
manbalari ila taminatmda guna§ elektrik stansiyalari va guna§ istilik sistemlarinin tatbiqi alveri§lidir. Ucqar 
arazilarda ya§ayi§ mantaqalarinin elektrik enerjisi ila tamin etmak U 9 un “off-grid” sistemlar taklif olunur va 
muvafiq hesabatlar aparihr. Baxilan maqalada oz cografi movqeyina gora guna§ enerjisi ehtiyatlari ila zangin 
olan blkamizda ucqar arazilarda yerla§an mantaqalarin enerji taminatma dair takliflar verilmi§dir. 

l.Ucqar kandlarin istilik va elektrik enerjisi taminati 

Avropa olkalarinda isitma evin har kvadrat metrinin qizdirilmasma sarf olunan enerji ilda 140 
kVt*saat/m^ ta§kil edir. Rusiyada isa bu gostarici markazla§dirilmi§ qazanxana sistemlari U 9 un 198, digar 
isitma sistemlari u 9 un 263 kVt*saat ta§kil edir (§akil 1) Orta hesabla Rusiya u 9 un bu gostarici 232 ta§kil edir 
ki, bu da maksimum gostari 9 idir. Burada an az enerji Maltada, Portuqaliyada, Kiprda, ispaniyada sarf olunur 
(50kVt*saat/m^-dak). Azarbaycan U 9 un har isitma dovriinda har kvadrat metra sarf edilan enerjinin qiymati 
“Azaristiliktachizaf’dan alman qaimalarla hesabladiqda Bakida markazla§dirilmi§ qazanxana sistemi olan 
evlarda 48kVt*saat/m^, kombi sitemi ila qizdinlan evlar U 9 un 250 kVt*saat/m^ ta§kil edir. Miistaqil 
ekspertlar da Bakida bu raqamin Bakida 250 kVt*saat/m^ oldugunu vurgulayirlar ki, bu da Rusiyada §axsi 
kand evlarinda sarf olunan enerjiya uygundur. 

Azarbaycan Respublikasmda ucqar kandlarda elektrik mai§at cihazlari va manzillarin qizdirilmasi 
U 9 un orta hesabla elektrik enerjisi istehlaki a§agidaki cadvallarda verihni§dir. 
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Csdvsl 1. Ucqar ksndbr ii^iin enerji istehlaki vs lazim olan guns§ panelbrinin gucii 


1 abonentin 

elektrik 

cihazlarma 

ayliq 

elektrik 

enerji 

ssrfiyyati, 

kVt/saat 

1 abonentin 

elektrik 

moi^ot 

cihazlarma 

illik elektrik 
enerji 
sorfiyyati, 
kVt/saat 

Giino^ 
panelbrinin 
il orzindo 

maksimum 

giico 

g9tirilmi§ 

i^bmo 

saatlari, 

saat 

Moi^ot 
cihazlari 
iXqixn 
20% artiq 
qobul 
etmokb 
panelbrin 
gucii, kVt 

Bir abonent 
iigiin isitmo 
movsumundo 

monzilin 
qizdirilmasmda 
orta hesabla 1 
saho iigiin, 
enerji 
sorfiyyati 
kVt-saat 

Bir abonent 
iigiin isitmo 
movsumundo 

monzilin 
qizdirilmasmda 
orta hesabla 35 
m^ saho iigiin, 
enerji 
sorfiyyati 
kVt-saat 

Monzilin 
qizdirilmasi 
iigiin 20% 
artiq qobul 
etmokb 
panelbrin 
giicii, kVt 

161 

1932 

1314 

1,8 

225 

7875 

7,2 


Guns§ panelbrinin giicuns gors hsr ksndds uygun stansiya qurula bibr. Eneijiys qsnast msqssdib 
istilik nasoslarmdan istifads oluna bilrsr. 


Csdvsl 2. 100 evs malik ksndds istehlak gostsricibri vs GES-in parametrbri 


Kondin tipi 

0halisi 

Abonent sayi 
(ohali iizro) 

1 abonenb 

umumilikdo 

orta hesabla 
illik enerji 
sorfi, kVt/saat 

1 abonent ixqun 
iimumilikdo 
panelbrin giicii, 
kVt 

Kond ixqixn 
giino^ 

panelbrinin 
giicii, kVt 

100 ev olan 

kond 

470 

100 

9807 

9 

900 

(~1 MVt) 


Demsli 100 evs malik ksndi elektrik eneqisi ib tsmin etmsk U 9 un giicu 900 kVt (~1 MVt) olan 
GES-in qura§dinlmasi kifaystdir. 

Gbstsribn enerji tsmin olunduqdan sonra, ksndds evbriin enerji tsminati istsnibn §skilds tsmin 
olunacaqdir. 

Abonentbrin sayi mirxtslif olan digsr ksndbrds ds giins? panelbrinin giicuns gors uygun stansiya 
qurula bibr. Enerjiys qsnast msqssdib bu ksndbrds istilik nasoslannm tipi se 9 ibrsk istifads oluna bilrsr. 

Ksndds slavs olaraq ehtiyat iigirn qisa miiddstli enerji tsminati ii^iin dizel generatorundan istifads 
olunacaqdir. 

2.Ehtiyat generatorun segilmssi 

Yuxarida hesabladigimiz kimi, bir evin isitms dovriinds orta enerji istehlaki, 51 kVt-saat-dir. 
Gostsribn parametrs uygun olaraq segilmi? dizel generatorunun 100 ev u 9 un parametrbri a§agidaki csdvsl 
3-ds verilmi§dir. 

Csdvsl 3. 100 evs malik ksnd U 9 un se 9 ilmi§ dizel generatorunun parametrbri 


Bir abonentin 

isitmo 

dovriindo orta 
enerji 

istehlaki, kVt- 

saat 

100 

abonentin 

isitmo 

dovriindo 
orta enerji 
istehlaki, 
kVt-saat 

Bir abonent 
iigiin 

maksimum 

yiikbnmo, 

kVt 

100 

abonent 

iigiin 

maksimum 

yiikbnmo, 

kVt 

311 kVt-liq 
Generatomn 
gucU, [15] 
kVt 

Generatorun 

sutka orzindo 
i§byocoyi 
saatlarm 
miqdari, 

1 sutkada 

generatorun 
dizel yanacagi 
sorfi 

(76,51/saat), 

Litr 

51 

5100 

3 

300 

311 

16,4 

1255 
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Hesablamalara uygun 2 giin ii^iin 2510 litr dizel yanacagi ehtiyatda saxlamaq lazimdir. Giins^siz 
giinbrin miqdan daha uzun olarsa, ehtiyat yanacaq gstirmsk olar. 

S.Barpa olunan enerjinin akkumlyasiya olunmasi 

Barpa olunan enerjinin akkumlyasiya olunmasi, sistemin normal i^bmosi U 9 un hidrogen 
yanacagmdan da istifado olunur. Borpa olunan enerjinin istehsali istehlakm miqdarim a§diqda hidrogen 
istehsal olunur. Adoton bu halda hidrogen elektroliz iisulu ib ahmr. Hidrogendon elektrik eneijisinin ahnmasi 
miixtolif yollarla apanlir, osason a§agidaki usullar totbiq olunur: 

-Yanacaq elementbri vasitosib elektrik enerjisinin ahnmasi; 

-Xususi ayarlanmi§ dizel vo ya buxar generatorlannda hidrogenin yandinlmasi. 

Yanacaq elementbrinin istifadosi hazirda daha olveri^li hesab olunur. Elektrik eneijisi daha yiiksok 
effektivlikb olds edilir (birinci iisulu istifado edorkon 50-80% ikinci iisulda 20-35%). Bununla birlikdo, 
yanacaq elementbrinin qiymoti olduqca yiiksok olaraq qalir. 

Bu ciir enerji kompleksbri istifado olunarkon hidrogenin kifayot qodor boyiik hocmdo saxlanmasi 
zoruroti yaranir. Bu moqsodb bir sira usullar toklif edilmi§dir, bozibri istifado zamani etibarh olmu§, bozibri 
u§un iso hazirda laboratoriya vo istehsal smaqlarim keqirilir. 

Ox§ar enerji kompleksbri artiq yaradihb AB§, Kanada, Avstraliya vo Danimarkada ugurla istifado 

olunur. 



§okil 1. Romeada (Kanada) enerji kompleksinin sxemi. 

Toqdim olunan eneiji kompleksi eneiji istehlak 9 ilari fasibsiz olaraq tomin etmolidir. Bunun U 9 un 
istehlakqilarm tip vo kateqoriyasmdan asili olaraq enerji tochizati sistemindo a§agidaki eneiji monbobrindon 
istifado etmok lazimdir ki, guno§ enerjisinin fasibsizliyini tomin etsin. 

Mosobnin qoyulu§unda osas moqsod respublikamizda ucqar bir konddin istilik vo elektrik eneijisi 
tominatmm hoyata ke9irilm3si bbb olunur. Konddo abonentbrin sayi §3rti olaraq 100 qobul olunur. Kond 
u 9 un saathq istilik vo elektrik enerjisinin tochizatmm miqdan, yoni Qi vo i = 1,2 ... n 
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( 1 ) 


T = 


n 



i=l 


Haradaki, At,=lsaat 

istehlakgilann 3 aik qrafikbri GES istifadasi ib tamamlanmali, elektrik eneijisi istehsal etmak u 9 un 
yanacaq elementisri, toplanan vs sonra istifads olunan H2 vs 02 sistembri; lazimi texniki vs iqtisadi 
parametrbrs vs xiisusiyystbrs malik istilik nasoslari, dizel vs ya benzin generatorlari, xususi informasiya 
ib tsmin olunmalidir. 

O ciimbdsn GES iizrs informasiyalara aiddir: GES-in novii, giicii f.i.s., qura§dirdmasi vs 

miisyysn dovr U 9 un istismari nszsrs almmaqla dsysri, qura§dirdma bucagi ((p°). 

Yanacaq elementi (YE), H2 vs 02 toplanmasi sistembri iizrs elektrolizatorun mshsuldarligim (nm3 / 
saat), qura§dmlma giiciinu (kVt), kompressor tszyiqini (atm.), hidrogenin lazimi saxlanma hscmini Vh 2 
(lazim olduqdaoksigenin, nm3), yanacaqelementinin qura§dirilma giicii Nye'^, avadanliqlarm qura§dirilma 
dsysri, tshvil verilms, istismar §sraiti nszsrs almmalidir. 

istilik nasoslari ii 9 iin a§agidakilari bilmsk lazimdir: iN novii; qruntun tipi; iN qura§dirilma giicii 
(kVt); elektrik eneijisinin istilik enerjisins 9 evrilms smsali; iN-nun dsysri, gstirilms, qura§dirma, qazma vs 
s. xsrcbr; hesabat noqtssinds qruntun vs havanin orta temperaturu. 

Dizel generatoru (DG) iizrs: xususi yanacaq ssrfi (1/kVt), yanacagm qiymsti, DG-nin xidmst miiddsti 
vs dsysri. 

Hsm 9 inin, kbmsk 9 i avadanliqlarm - invertorlarm, transformatorlarm, bl 9 ii vs idarsetms avadanliqlannm 
vs s. istismar vs enerji xarakteristikalarmi nszsrs almaq lazimdir. 

Baxilan hesabat miiddsti T = ii 9 iin gstirilmi§ minimum xsrcbri tsmin etmsk ii 9 iin Enerji 

Kompleksinin optimal tipini vs ssas elementbrinin saymi tapmaq tsbb olunur, ysni 


(T)- Xggg + X|g + X® + X^j^ + Xpg ^ min (2) 

A§agidaki §srt vs mshdudiyystbr gozbnilmslidir: 

P“<_nS+ nS"- (3) 

Pi = ^GESiiyi) + ^YEi+^DGi ( 4 ) 

NGESi= NcESiCTO (5) 

0 — — Pmax ( 6 ) 

0 < NoEsi < nSes ( 7 ) 

0 < NyEi < (8) 

< Nog < ( 9 ) 

Nyei = Ni(T2) ( 10 ) 

0<VH2(NYE(t)<V^2^^ (11) 

VH2(T) = jVo2iNEEs(it))dt ( 12 ) 


Burada, kH 2 (nm 3 ) “ ehtiyat ii 9 un toplanmi§ hidrogen hscmidir. 

Burada (3)-ds enerji kompleksinin ssas hesabat elementbrinin saymi vs hsm 9 inin ssasli vssait 
qoyulu§unu, tsmirbrin dbvriliyini vs onlarm istismar miiddstini nszsrs almaq lazimdir. 

Baxilan msssbnin analizi imkan verir ki, o 90 X funksiyali (3) tipli msqssdyonlii slaqs tsnlikbr, ( 6 , 
7, 8 , 11) tipli mshdudla§dirici bsrabsrsizliklsr, (12) tipli mshdudla§dinci inteqrallar vs (5) tipli qeyri-xstti 
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slaqsbr kimi sinifls^dirilsin. Bir vs ya 90 X ekstremalh ox§ar msssbbr kimi onlarm hslli qlobal riyazi 
proqramla§dirma vs axtari§ iisulunun istifadssini tsbb edir. 
ilkin veribnbr: 

T- guns§li giinbrin saatlarla miqdari (saat); 

P (t)- istehlak 9 ilann elektrik yuku (saatlar uzrs veribnbr); 

P e(t)- istehlak^ilann istilik yiikii (saatlar vs ya orta sutka iizrs veribnbr). 


Hesabat usuluna uygun olaraq guns§ enerjisinin hesablanmasi yuxarida verilmi§dir. 

GES-in giicu a§agidaki kimi goturiilmslidir: 

NGEs(t) = Nges(Ts) (14) 

iN vs ya elektrik qizdirieisi istifads olunduqda slavs elektrik enerjisi ssrf olunur, hansi ki, 
istehlakgilarm yiik qrafikinds nszsrds tutulmami§dir. IN vs ya elektrik qizdincisi istifads olunduqda 
istsnibn vaxt elektrik yiikii a§agidaki kimi (15) hesablamr: 


(Peiit) + PistiO -Ni^<0 

k-In 

Petit) + ^ - Ni„) ■ sgsr - «!„ > 0 


(15) 


Burada, Pei(t) - istehlakgilarm elektrik yiikii, Pist(t) - istehlakgilann istilik yiikii, k - elektrik enerjisinin 
istilik enerjisins 9 evrilms smsalidir. 

Miisyysn vaxtda GES tsrsfindsn istehsal olunan enerji NQEs(f) IN-in istehlaki vs ya elektrik 
qizdincisi istehlaki Pk (t) daxil olmaqla iimumi istehlakdan 90 X olur, bu zaman artiq yuku akkumlyasiya 
msqssdsuygundur. Hidrogen almmasi ii 9 iin elektrolizers veribn yiikii a§agidaki kimi hesablayinq: 

p, . . pGEs(t) - 'Pel(t), NcEsit) “ >0 

lO.dgdr NGEs(t)-P,i(t)<0 ^ ^ 


istehsal olunan hidrogenin hscmini beb hesablayinq 

ICz ■ Mel-., ^g^r P,,_,it) > pSZ 


(17) 


Burada, Mgi_z _ - elektrolizerin mshsuldarhgi, (nm^/kVt-saat); “ elektrolizerin qura§dirilma gucii, 

(kVt). 

Yanacaq elementinin yaratdigi giieii beb tsyin edirik: 

r 0 , sgsr P'lit) - NcEsit) < 0 va ya ^ 0 

= I NyEi^g^f' ~ ^ ^YE'^H2 >> 0 (18) 


istifads olunan hidrogenin hscmi Nges( 0 ~ Pk (t) < 0 olduqda, 
(t) 


V. 


H2 


_ 36000000 Ny^K 
^H2'Ph2^H2 


(19) 


Burada qu 2 = 120 ■ 10^ C/kq - hidrogenin xiisusi yanma istiliyi; 
Ph 2 = 0,09 kq/m^ - hidrogenin sixligi; 

3600000 - Coul-dan kVt-a ke 9 ms smsah. 
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Miisyysn vaxt T u^iin hidrogenin miqdan beb hesablamr: 

Vh 2 = VH2b + Co{^h2(t) - (20) 

Bu zaman ehtiyat hidrogenin mohdud oldugunu nozoro almaq lazimdir '■> 

DG vasitosib istehsal olunan giic beb hesablamr: 

f - NcEsiO - NyEiO.Bgsr Ndg > - NcEsiO “ > 0 

~ j ^GES ^ Pk^^^ ~ ^GES^^^ ~ ^Ye(^0 (21) 

( 0,a^ar P’lit) < N^Esit:) - Ny^it) 

Yanacaq sorfi beb hesablamr: 

Qy = Zf=T^6r^i)G(t)^t (22) 

Yag sorfi beb hesablamr: 

Qy = Zfli byag it) At (23) 

Mslumdur ki, on §ox xsrcbr birinci il olacaqdir. Energetika kompleksinds ssasli vosait qoyulu§unu beb 
hesablayinq; 

0EK=QgES+ QiN.tam+ QAk.H2+ QdG+ Qroitl. (24) 


Burada, Qges -GES-in gatirilmasi va qura§dirilmasida daxil tarn qiymatidir; QiN.tam -IN-in 
gstirilmssi vs qura§dirilmasida daxil tarn qiymstidir; QAk.H 2 -Elektrolizerin gstirilmssi vs qura§dirilmasida 
daxil olmaqla hidrogenin akkumlyasiya sisteminin qiymstidir, buraya hsm§inin yanacaq elementinin, 
kompressorun, hidrogeni saxlamaq ii^iin balonlannda qiymsti daxildir; QDG-dizel generatorun gstirilmssi vs 
qura§dirilmasida daxil tarn qiymstidir; QKom- komsk 9 i avadanliqlarm (transformator, invertor, kabelbr vs s.) 
gstirilmssi vs qura§dirilmasida daxil tarn qiymstidir. 

Gostsribn parametrbrs istismar mtiddstinds avadanliqlann tsmir vs istismar xsrcbrids slavs olunur. 

Enerji kompleksi bir ne 9 s enerji istehsal edsn qurgulardan, istehlak 9 ilardan ts§kil olunduguna gors 
istehsal vs istehlak balansi vacibdir. Ona gors elektrik, istilik enerjisi ytikii vs guns§ enerjisinin radiasiyasi 
haqqmda mslumatlar olmalidir. Bu mslumatlarm saatlar uzrs olmasi daha msqssdsuygundur. 

Qoyulan msssbnin hslli zamani enerji kompleksinin optimal parametrbri miisyysn T mtiddstinds 
enerji xsrcbri minimum olmalidir. Msssbnin hsllinds riyazi proqramla§dirmadan istifads oluna bibr. 

Ara^dirmalar zamani aids olunan naticabr 

Tsdqiqatlar nsticssinds hidrogen akkumlyasiyasmdan istifads olunduqda GES-b eyni zamanda i§bysn 
elementbrin sayi dahada artir, uygun olaraq sisteminds qiymsti orta hesabla 20%-s qsdsr artir. 

Tsqdim olunan energetik sistemin analizi gostsrir ki, elektrolizerin giicii artdiqca hidrogen 
saxlanmasma lazim hscmin miqdan azahr. 

Sistemin qura§dirma giicu ssassn istehlak 9 ilara lazim olan yiikdsn asilidir. 

Energetik sistem komplektb§dirilsrksn els avadanliq se 9 msk lazimdir ki, minimal hscmli balonlarm 
istifadssins imkan yaratsm vs balonlar dolduqda hidrogen artigi almmasm. Bu zaman ilin svvslinds vs 
axirmda ehtiyat u 9 un saxlanan hidrogenin miqdan eyni olmalidir. 

Gostsribn GES, IN, H2 vs DG-dan ibarst sistemin hesablamalarmm yiikssk ssmsrsli olmasma 
baxmayaraq son qsrarin qsbul olunmasi U 9 un istismar tscriibssininds olmasi vacibdir. 

ilkin hesablamalar zamani istilik nasoslarmm tstbiqinds istilik msqssdib istehlak olunan enerjinin 
66%-ns qsnast olunacaqdir. 

Giins? panelbrindsn ahnan elektrik eneijisi istehlakdan artiq olduqda hidrogen qazi istehsal olunur 
vs ondan lazim oldugu zaman elektrik vs istilik msqssdib istifads olunur. Qeyd olunan Sudan elektroliz yolu 
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ib hidrogen istehsal edsn qurgularm tstbiqindsn 1 m3 hidrogen almaq u§un 5,5kVt-saat elektrik eneqisi ssrf 
etmskls 33,2 kVt-saat istilik eneijisi almaq mumkiindur. Goriinduyu kimi bu iisul istilik nasoslanmn 
tstbiqindan beb samaralidir. Sada hesablamalar gostarir ki, elektrik enerjisindan istilik enerjisina ke9dikd3 
S-dafadan 90X enerjiya qanaat olunacaqdir. Orta hesabla bar evin enerji talabatm odamak U9un l,5m3 
hidrogen qazi lazimdir (hidrogen qazmm istiliktorotmo qabiliyyoti 1 m3 U9un 33,2kVt-saat oldugu halda tobii 
qaz u9un bu aneaq 9,3 kVt-saat-dir). 
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THE ENERGY SUPPLY tN ISOLATED APEA WITH RENEWABLE ENERGY SOURCES 

BASED ON HYDROGEN 

Badalov A.B. *, Kalbiyev R.K. ** 

* State Agency for Alternative and Renewable Energy Sources 
** Azerbaijan State University of Oil and Industry 
Annotation. Annotation. The autonomous energy complex must provide consumers with a reliable supply 
of electricity and heat. The efficiency of the energy complex is being investigated which consists of a solar 
power plant, a heat pump, a diesel power generator and hydrogen production, storage and power 
generation system. The complex provides together using solar energy, heat pumps, a diesel generator and a 
hydrogen-based energy storage system. 

Key words. Solar power plant, heat pumps, diesel generator, hydrogen energy, energy complex 
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BJIHilHHE CTOXACTHHHOCTH H HEnPE^EJIEHHOCTH EEHEPAI^HH 
B030BH0BJi;iEMMX HCTOHHHKOB HA OI^EHKH HPOEHOSA, MO;ij:JIHPOBAHHH H 
ynPABJIEHHH HAPAMETPOB PE^CHMA 3HEPrOCHCTEMbI 

ryjiHEB r.B. 

Asepdaud^McaHCKuii HayuHO-uccjiedoeamenbCKuu u npoeKniHo-usbicKamejibCKuu 

UHcmumym 3Hep2emuKu 

B paGoxe npeAJioaceHa ycoBepmeHcxBOBaHHaa MaxeMaxHHecKaa Mo;i:ejii> pjifi npoxHosa BtipaSoxKH 
MomnocxH BexpocxanicHH (B3C) na KpaxKOCpOHHbie nepHO^bi. PaspaGoxaHbi anajiHXHHecKHe h HHCJiCHHbie 
Mexoflbi BCpoaxHOCxHoro noxoKOpacnpeaejieHHfl b aneprocHCxeMe, Koxopbie nosBOJiaiox opcHHBaxb 
napaMexpbi ycxaHOBHBuiHxca pejKHMOB cHcxeMbi c yqexoM cxoxacxHHHocxH BbipaGoxKH moiphocxh 
B 03 o 6 HOBjiaeMbiMH HcxoHHHKaMH (BH) H MoipHocxH HaxpyBKH. CocxaBjicHa cxpyKxypa H npeAJioaceH 
ajiropHX pa6oxbi Henexxoro peryjiaxopa ynpaBJiaiomero Bbipa6oxKOH moiiihocxh Bexpoxyp6HH (BT) b 
SaBHCHMOCXH OX CKOpOCXH BCXpa. 

KjiiOHeBbie cjiOBa: aneprocHcxeM, npoxHosHpoBaHna, MOAejiHpoBaHHa, noxoKopacnpe;i:ejieHHa, 
ycxaHOBHBuiHHca peacHM oHeprocHcxeM, B03o6HOBjiaeMbie hcxohhhkh oHepxHH, peryjiaxop Henexxofl 
jiOFHKH, HCHexKaa MHoacecxBa. 


ENERjiSiSTEMIN REJIM PARAMETRLORInIN PROQNOZU, MODELL0§DiRiLM0Si V0 
iDAR0OLUNMASININ QiYM0TL0NDiRiLM0SIN0 B0RPAOLUNAN M0NB0L0RiN 
GENERASiYALARININ STOXASTiKLiYINtN V0 QEYRi-MU0YY0NLiYiNiN T0SiRl 

QULiYEV H.B. 

i§d9 qisamuddotli periodda kiibk stansiyalarmm istehsal giicunun proqnozu iiqun t9kmilb§dirilmi§ 
riyazi model toklif olumnu§dur. Eneqisistemdo ehtimal guc paylanmasmm analitik vo ododi usullari 
i§l3mni§dir ki, bu da yukun vo borpaolunan monbobrin gucbrinin stoxastikliyini nozoro almaqla sistemin 
q3rarla§mi§ rejim parametrbrini qiymotbndirmoyo imkan verir. Kubyin siirotindon asili olaraq kiibk 
turbininin hasilat guciinun qeyri-solis tonzimbyicisinin strukturu tortib edilmi§ vo i§bm9 alqoritmi 
verilmi§dir. 

Agar sozbr: eneqisistem, proqnozla§dirma, modelb^dirmo, giicbr paylanmasi, enerjisistemin 
q3rarla§mi§ rejimi, borpaolunan enerji monbobri, qeyri-solis tonzimbyici, qeyri-solis goxluq. 


INFLUENCE OF STOCHASTICITY AND UNCERTAINTY OF GENERATION OF 
RENEWABLE SOURCES ON THE ESTIMATES OF FORECAST, MODELING AND CONTROL 

OF POWER SYSTEM MODE PARAMETERS 

GULiYEV H.B. 

The paper proposes an improved mathematical model for forecasting the power generation of wind 
farms for short-term periods. Analytical and numerical methods of probabilistic flow distribution in the 
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power system have been developed, which make it possible to evaluate the parameters of steady-state modes 
of the system, taking into account the stochasticity of power generation by renewable sources and load power. 
The structure is compiled and an algorithm for the operation of a fuzzy regulator that controls the power 
generation of wind turbines depending on the wind speed is proposed. 

Key words: power systems, forecasting, modeling, load flow, steady state regime of power systems, 
renewable energy sources, fuzzy logic regulator, fuzzy sets. 

BeeACHHe 

PocT HHTerpaicHH rcHepaicHH BOSodHOBJiacMbix hctohhhkob b OHeprocHCxeMy hsmchhji 
xpaAHitHOHHyK) KOHu;enu;HK) pasBHXHa oHeprocHcxcM, HHHLi;HHpoBaji HeoGxoAHMocxt pememia hobbix 
HayuHo-xexHHuecKHx sa^itau anajinaa peacHMOB napannejiBHOH paSoxbi BosodHOBjiaeMtix hcxohhhkob h 
OJieKXpHHeCKHX CXamiHH C Xpa.n,HIIHOHHbIMH HCXOHHHKaMH. 

KpoMC xoro, nandojice uacxo BOSodnoBJiaeMbie hcxohhhkh no.n,KJiiOHaioxca k pacnpeaejiHxejibHbiM 
cexaM H coBMecxHo c xpaAratHOHHbiMH HcxoHHHKaMH oSpasyiox cHcxcMy pacnpe.n:ejieHHOH reHepau;HH. 
IIpoeKXHpoBaHHe h oKcnjiyaxaitHa xaxnx chcxcm pacnpe^ztejicHHOH reHepau;HH paccuHxaHa b nepByio 
OHepe^b na ojieKxpocHadaccHHe mccxhbix noxpedHxejiCH, noKpbixne narpysKH oxhx noxpedHxejieii. flpn 
HsdbixKC MonjHOCxH reHcpaiiHH CHCxeMa pacnpe^ejiCHHOH reHepaiinn Moacex nepeaaBaxb MomHOCxb b 
OHeprocHCxcMy. flpHodpexcHHe xaKoro CBoiicxBa pacnpeflejiHxejibHoii cexbio, npn KOxopoM ona 
cxanoBHxca aKXHBHofl, xaxjKe .zteMOHcxpnpyex hobbic npHanaKH 6y.n:yn];Hx sHeprocHcxeM. 

ZfHHaMHKa pasBHxna MnpoBOH aneprexHKH noKasBiBaex, uxo xeH.ii;eHu;Ha pocxa aouh BBipadoxKH 
MOUTHOCXH ox BCXpa H COJIHeHHBIX CXaHLlHH BCC dOJICC npHBO.n,HX K HCOdxOflHMOCXH paSpadoXKH HOBBIX 
no.n,xo.n,OB k pemcHHio peacHMHBix 3a.n,aH b oneprocHCxeMe npn BepoaxHOCxHoii hsmchhhbocxh Momnocxeii 
renepaLCHH h noxpedjiCHHa, cos^anHa chcxcm ynpaBJicnna, yuHXBiBaiomHx cxoxacxHuecKHH xapaxxep 
Bxotta H BBixotta. 

IfpOXHOSHBie SHaHCHHa BBipaGoXKH MOUtHOCXH Ha CXaHHiHaX, paBHO, KaK H npOFHOSHBie SHaUCHHa 
MomHOCxH noxpedjiCHHa b ysaax narpysKH, nandoiiee uacxo BOCxpedoBaHBi jijifi pemenna mhofhx 3a.n,aH 
aHajiH3a h ynpaBaenna 3HepFOCHCxeMOH b ycxanoBHBmHxca peacHMax [1]. 

B OXCyXCXBHH FCHepHpyiOmHX HCXOHHHKOB C HBMCHHHBOH BBipaSoXKOH MOUtHOCXH, X.C. KOF^Ita 
CHCxcMa cocxoHX H3 xpattffltHOHHBix HcxoHHHKOB, .itjia pacHcxa ycxaHOBHBmnxca peacHMOB npHMCHaioxca 
H3BecxHBie ttexepMHHHcxHuecKHe MexoAM. B cayuae HajiHuna b cxpyxxype FenepaitHH hcxohhhkob c 
npepBiBHCxoH BBipadoxKoii (BexpoxypdHHBi, coaHeuHBie npeodpaxoBaxeaH), pacuexBi 
HOxoKopacHpeaeaeHHa npoBOttaxca BcpoaxHOCXHBiMH MCxoaaMH nan c npuMCHCHHeM MoaeanpoBaHHa 
MoHxe Kapao h neaexKHx MHoacecxB [2, 3]. 3xh mcxoam npn npoBctteHHH pacaexHBix aKcnepHMCHxoB ttaa 
oitcHKH npoFH03HBix cocxoaHHH cHcxcMBi B KauecxBe BxojtHBix HapaMcxpoB HO FCHcpupyioutHM yxaaM 
3ajtaK)x BBiSopKy npoFH03HBix xHaaeHHH BBipaSoxKH Ha BexpocxaHitHax h coaHeuHBix ycxanoBKax nan 
naoxHOCXH BCpoaxHOCXH hx pacnpetteacHHa na npoxHoanpycMBiH nepnoa. 

B padoxe npeaaaxaexca Mcxoa, ocHOBaHHBiii na HcnoabxoBaHHH Moaean npoitecca auxoperpeccHH - 
CKoaBxauteFo cpeaneFo (APMA). Ha ochobc pacaexHBix aKcnepHMCHxoB noKaxano, axo noayaeHHe oiichkh 
npOFH03HBIX 3HaaeHHH BBipaSoXKH MOUtHOCXH oGaaaaCX BBICOKOii XOHHOCXBK) aJia npOFH03HpOBaHHa 
MOUtHOCXH B3C B KpaXKOCpOHHBie nepHOabl. 

1. OSocHOBaHHOCXb npHMeHHMOCXH MexoAbi APMA aan pacnexa npornosHbix SHaHeHHH 
BbipaSoTKH MOUtHOCXH Ha B3C. 

/],aa onpeaeacHHa BBipadoxKH MOutHOCXH na Bcxpocxanitnax npeaaoaceHBi paxananbie Moaean hx 
BBiHHcaeHHa no xaMCpaM BexpocKOpocxeii, cyntHOCxB KOxopBix CBoauxca k caeayioutHM BBipaacennaM [4]: 
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r;i;e Vr - pacnexHaa CKopocxt Bexpa, npn KoxopoH Bi>ipa6oxKa moiiihocxh Aocxnraex HOMHHajitHoro 
SHaHCHHa; yc;-CKopocxi> Bexpa, npn KoxopoH BexpoxypSHHa HanHHaex Bpaipaxtca, m/c; Vt - xeKyipee 
BHancHHe CKopocxH Bexpa, saMepennoH b MOMenx BpeMenn t, m/c; Vco-KpHXHHecKoe SHaneHne CKopocxH 
Bexpa, npn Koxopoii Bexpoxyp6HHa ocxanaBJiHBaexca, oGbihho npHHHMaexca paBHoii h Bbime 25 m/c. 

B npHHpHne moacjib (1) nosBOJiaex BtiHHCJiaxt xeKyipne SHaHCHHa BtipaSoxKH moiphocxh 
BexpoxypGHHBi cHHxpoHHo c saMepaMH BexpocKopocxH. B paSoxe .Aaa BtiHHcaeHHa moiphocxh 
Hcnoabsyioxca ycpe^HeHHbie MHHyxHbie saMepbi BexpocKOpocxH. J\nfi noayqcHHa npornosHbix SHaneHHH 
Bbipa6oxKH MOipHOCxH BO BHyxpHcyxoHHbix pHKJiax Ha Hac Bnepefl Hccae^yexca npe.n,bicxopHa (Bbi6opKa) 
pacnexHbix SHaneHHH BCJiHHHHbi oxoii mou],hocxh c ycpe^HCHHeM 5 MHHyx h fljiHxejibHOCxbio b o.n,Hy 
HCAeaio, x.e. noayHeHHe npoxHosa sa 1 hbh 2 naca Bnepe.ii: (12 hbh 24 HSMepenHii) Hcnoabsyioxca Bbi6opKH 
AHHxeabHocxbK) 168 nacoB (4032 HSMepeHHfi). 

/(aa o6ocHOBaHHa npHMeHHMOCxH CMemaHHoro npoicecca APMA (npopecca aBxoperpeccHH - 
CKoabsanjero cpennero) fljia npoxHOBHpOBaHHa MomnocxH xyp6HHbi na nac-^aa Bnepe^ na pacnexnoH 
BbiOopKe, c(|)opMHpoBaHHOH B BbiHieyKasaHHOM nopa^Ke, Heo6xo.ii:HMo BbinoanenHe ycaoBHH 
cxapHonapHocxH h o6paxHMocxH .ii;aa npoxHosHpyeMoro npopecca [5]. 

IIpoBepKy cxapHonapHocxH Bbipa6oxKH mohihocxh Bexpoxyp6HHbi mo5kho npoaecxH pasHbiMH 
cnoco6aMH. B flannoii pa6oxe Hcnoabsyioxca KpHxepHH Onmepa h CxbioneHxa. npHMenenHe oxhx 
KpHxepHeB nosBoaaex HuenxHcjjHLiHpOBaxb flanxeabHOCxb Bbi6opKH cxapHonapHoro pa^a SHanenHH 
Bbipa6oxKH MomnocxH, H xeM caMbiM coKpaxHXb o6beM HHcjjopMapHH Aim npornosa. TaKHM oOpasoM, 
xecxHpoBaHHe na cxapHonapHocxb puna, cocxaBaennoro hs sHanennH mohihocxh Bexpoxyp6HHbi, b 
cooxBexcxBHH c KpHxepHaMH Onmepa h CxbK).ii:eHxa npoBo.ii:Hxca na ocHoae cpaBHenna openoK pjia 
cpepnero, pncnepCHH h KOBapHapHH paa Bbi6opOK papoB, cocxaBaennbix h3 renepaabHoii Bbi6opKH 
peaeHHaMH na ynacxKH [6]. 

Ilocae onpepeaeHHa papa, ypoBaexBopaioniero ycaoBHaM cxapHonapHocxH, cxpoaxca npopeccbi 
aBxoperpeccHH h cKoabsamero cpepnero. Ho MopyaaM, oKBHBaaenxHpyioniHM oxh npopeccbi, 
ycxanaaaHBaexca ypoBaexBopnxeabHOCXb ycaoBHH o6paxHMOCXH b cooxBexcxBHH c [7]. 

2. Mopeab aBToperpeccHH-CKoabSHipero cpepnero paa nporHOSHpoeaHHa BbipaSoxKH 
MOIUHOCTH BexpOXypSHHaMH. 

Sapana npornosHpoBaHHa b pannoM caynae cocxohx b onpepeaenHH K03(|)(|)HLi;HeHX0B noaHHOMOB 
aBxoperpeccHH AR (p) h CKoabsanjero cpepHero MA (q), no paHHbiM Bbi6opKH Bbipa6oxKa MomnocxH 
Bexpoxyp6HHaMH BexpocxanpHH P(t): 
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( 5 ) 


J=1 J=0 

HJIH 

A{p)p{t) = B{q)e{t) (6) 

r^e Uj, bj -K03(|)(|)Hi];HeHTi>i aBxoperpeccHH h cKontsamero cpeAHero. 

PemeHHe ynpaBjicHna (5) nojiaraex, hxo npoxHoa Ha h nepHo^oB Bnepe^, naHHHaa c MOMCHxa ?o . 
6yAex Ha;i:e5KHi>iM, ecHH Bce sHaneHHa bbiGopkh MomHocxH Gy^yr nsBecxHti h 3a;i:aHi>i ;i;o MOMCHxa ?o • 

TaKHM oGpaaoM, cymnocxb npornosHpOBaHHa CBO^Hxca k HfleHXHcjjHKapHH MO^ejiH - onpeflCJiCHHio 
ee nopa/i;KOB p, q, a xaicace napaMexpoB aj, bj h SKCxpanojiapHH 3xoh moacjih na mar Bnepe^. IIpoBepKa 
yAOBjiexBopeHHa moacjih 3Kcxpanoj[au;HH ycjioBHaM onxHMajibHocxH nojiyHeHHBix npoxHosHtix openoK 
BbipaGoXKH MOmHOCXH H 66 np6pBapHX6JIbHO 3apaHHbIX 3HaH6HHH n03B0Jia6X Onp6p6JIHXb HaHJiyHUIHH 
HHX6pBaji nporH03a (hjih hhcjio maroB Bn6p6p) b eMbicjiax npHHaxbix yejiOBHH. 

ycjioBH6M BbiGopa HaHjiyHm6ro npoxHoaa BbipaGoxKH moiphocxh npHHHMa6xca npaKXHH6CK06 
coBnap6HH6 cxaxHCXHH6CKHX xapaKX6pHCXHK ynacxKa papa BbiGopKH, no KoxopoMy Hp6HXH(|)Hu;Hpy6xca 
Mop6Jib, c cooxB6xcxByK)ni;HMH xapaKX6pHCXHKaMH ocxaBm6Hca nacxH papa BbiGopKH, no Koxopon 
npoBopnxca npornoanpOBanno. 

CpaBH6HH6 npoH3BopHxea no cjiopyiomnM xapaKxopnexHKaM: 
norponiHocxb: 


AGcoaroxnaa norpomnocxb: 


Cpopnaa aGcoaroxnaa norponiHocxb: 


OxHoenxojibnaa norpomnocxb: 




^ = y.-yf 


MAE = - 


e^ = LA.\oo% 

y, 


Cp6PH6KBappaXHH6CK06 OXKJIOH6HH6: 



Cpopnaa oxnocnxojibnaa omnGKa npornoaa: 


Ko34)(|)hu;h6hx H6cooxB6xcxBHa Tonaa: 


i^kl 


MAPE = - V ill. 100% 


rt=i rt=i 
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3. TecTOBbie mo/jcjih APMA /ijia 30 h 60 MHHyxHbix npornosoB BbipaOoTKH moiuhocth 
BexpoTypOHHOH. 

Mo^ejinpoBaHHC h HCCJie^OBaHHC npopecca Bbipa6oxKH moiphocth npoBCflCHbi c noMombio 
MaxcMaxHHCCKHx cpe^cxB Matlab c npHMCHeHHeM nporpaMMHoro KOMnjiCKca ARMA Modelling. 
nocxpocHHa npornosHbix MO.i],ejieH BbipaboxKH MomHOCxH BexpoxypbHHaMH, pasMemcHHbiMH b o(j)mopHOH 
30He AnmepoHa, HcnojibsoBaiiHCb .AanHbie saiviepoB cKopocxeii Bexpa b pasjiHHHbix cexxopax KacnniicKoro 
Mopa Ha Bbicoxe 10 h 50 Mexpa ox noBepxHocxH seMjiH. B xanecxae npHMepa saccb npHao^axca peayjibxaxbi 
npoFHosHbix opeHOK BbipaOoxKH MoipHocxeii Bexpa ycxanoBKaMH FL-2500, nonyneHHbie no saMepaM 
CKopocxeii Bexpa pjia opnoro h 3 cexxopOB, pa3Meii];eHHoro na ceaepe AnmepOHCKoro nojiyocxpOBa (pHC. 
1). CooxBexcxByiomaa sxhm CKOpocxaM BbipaOoxKa moiphocxh HaoOpaacena na pHC. 2. IIpHMeM paHHbie 
pacnexHoro oKcnepHMenxa BbipaOoxKH moiphocxh b xanecxae oKcnepHMeHxanbHOH BbiOopKH pna npornoaa. 

J\jm npOBepKH BbinOJIHHMOCXH paHHOH BblOopKOH yCJIOBHH CXapHOHapHOCXH H oOpaXHMOCXH 
npoBepena cpaBHHxejibnaa openKa cpepnnx BHaneHHH, pHcnepcHH h aBxoKoppejiapHH payx oxpejibHbix 
BbiOopoK, cocxaBJieHHbix Kaacpaa h 3 hojiobhh oOipeii bbiOopkh. 



Phc. 1. OpaxMeHX CKopocxH Bexpa 3a nepnop 01.01.08-15.01.08 
(ycpepneHHbie 5 -xh MHHyxHbie HSMepeHHH) 



Phc. 2. BbipaOoxKH mouihocxh BexpoxypOnHbi FL-2500 na 
CKopocxHX Bexpa pjiH nepHopa 01.01.08-15.01.08 

nojiyneHbi cjiepyiomHe opeHKH pna KajKpofl hojiobhhhoh bbiOopkh: 


= 1416,7 

^ t = \ 

1 ^ 

y = SX =1674,7 

2 N t=i 431 - 60 ) 

= ^Z44i-30) - = 1.5876/ 

= ^E443.-6o) - ^ 2 )' = 13256/ 
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npOBepKa KpHxepHfl Onmepa: 


<3^1 


= 1,1976 


'2 

>ffl, F^>1 

Vj = Wj -1 = 29; Vj = n 2 “ 1 = 29; a = 0,05; Fj = 1,8546; F^ < = &l 

npOBepKa KpHxepHfl CxbiofleHxa: 


= 


(yi-x2) 


^ I 

1 1 1 

'—+ — 

V 

Hi n2 


3‘=i(a‘f+ 3 * 2 ") = 1206,9 


V2 

cc = 0,05; V = nj + Wj ~ 2 = 58 : 


= 2,002; F <t. 


PasjiHHHfl Mcacfly cpe^HHMH ypoBHaMH y h y npHsnaioxcfl HecymecxBCHHbiMH: ^ = y 

KaK noKasBiBaiox opchkh, nonyHeHHtie no KpnxepnaM Onuiepa n Cxbio^AeHxa, ncxoAnaa BbiOopKa 
npaKxnnecKH y,ii;oBjiexBopaex ycjiOBnaM cxapnonapnocxH n oOpaxHMOcxn. Cxapnonapnocxt xaxace 
no;],XBepacflaexca no BH^y KOppejiapnonnoH aaBHCHMOCxn, noKasannoH na pnc. 3. Kax bh^ho h 3 flannoro 
pncyHKa, aBXOKoppeaapna HMeex ohchb KopoxKnn nepnoA saxyxanna. 

npoBC^Aenna pacnexHbix openoK npornosa BbipaOoxKH Momnocxn na h maroB Bnepep npnnaxo, 
Hxo OKcnepHMenxajiBHaa BbiOopKa cocxonx ns BBiOopxH oSynenna, oObcmom nopapxa 75-80% ox Hcxopnon 
BbiOopKH (b namcM caynae 3xo oxBaxbiBaex ocpepnennbie HSMepenna c nepBoro no 45 n nncaa maroB 
npornosa Bnepep h). 

B cooxBCxcxBHH c paHHbiMH H3MepeHHH, cocxaBaaiomHX HCxopnyK) BbiOopKy, nonyaena caepyioniaa 
Mopeab npornosa: 

A(p) = l-2,157p-' +l,582p-" -0,5942^'^ +0,5489^"^ -0,3954^'^ -0,2493p^ + 

+ 0,3965p-’ +0,02424p-* -0,08931p-'' -0,06818p-‘® 


C{q) = 1 -1,848^ ‘ -r 0,9461<?“" 


(14) 

(15) 


Sample Autocorrelation Function 


m 






_\ 9 






1 T •• 


tT. 















O 10 20 30 40 50 60 

Lag 

Sample Partial Autocorrelation Function 



Phc. 3. ABTOKoppeaHUHOHHan saencHMOCTb hcxoahoh BbiSopKH SKcnepHMeHxaabHbix paHHbix 

SHaneHHH BbipaSoxKH mouihocth BexpoTypSHHoii 
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Ha pHC. 4 H pHC. 5 npHEO^axca rpa(j)HKH oxKJiOHCHHa Bbipa6oxKH moiphocxh Bexpoxyp6HHOH nocjie 
o6yqeHHa h b npornosHbie nepHO^bi. KaK bh^ho h3 cpaBHCHiia napaMexpOB, xapaKxepHsyiomHx 
o6yqeHHyio Mo;i:ejib, h moacjih npornosa, hx coBna^eMHa aBjiaexca y;i;oBjiexBopHxejibHbiMH. 



PhC. 4. rpa(])HK OXKJIOHeHHH BbipaSoXKH MOUIHOCXH 
BCxpoxypSHHOH nocjie oSyncHHa no Moaejin 

RMSE=972,87; MAE=693,46; TC=0,31825 



PhC. 5. rpa4)HK OXKJIOneHHH BbipaSoXKH MOUIHOCXH 
BexpoxypSnHOH b npornosnbie nepno^bi 

RMSE=877,56; MAE=731,26; TC=0,19138 


4. Ynex cxoxacxHHHOcxn mouihocxh renepaiinn Bexpocxanunen npn MOAeJinpoBannH pe^HMOB 
3HeprocHCxeMbi. 

Hpopecc pasBHXHa Bexpo- h cojihchhoh aneprexHKH o^^noBpeMeHHo co3;i:aex npo6jieMbi,cBa3aHHbie c 
Heo6xOAHMOCXbK) npOBeACHHa psm XeXHHHeCKHX H3MeHeHHH npH nOAKJIIOHeHHH Bexpo- H COaHCHHblX 
HCXOHHHKOB K SHeprocHCxeMC. 3 xh nxMCHCHHa Bbi3BaHbi, B nepByio onepe^b, cjiynaHHbiM xapaKxepOM 
Bbipa6oxKH MOipHOCxH BexporcHepaxopaMH h cojiHCHHbiMH PV ycxanoBKaMH, hxo b xnaHHxejibHOH cxenenn 
oxpaacaexca na KanecxEe ajiCKxpHHecKOH anepraH h ycxoiiHHBOCxH nanpaaccHHa. PemeHne npo6jieMbi 
ycxoHHHBocxH HanpaaccHHa b aneprocHcxeMe cxaHOBHxca Bce 6ojiee aKxyaubHbiM no Mepe pocxa Momnocxn 
no^^KjiioHeHHbix B3C, Bexpoxyp6HHbi Koxopbix cHa65KeHbi acnnxpoHHbiMn xenepaxopaMn abohhofo 
nnxanna (AE^H). OxjiHHHxejibHon oco6eHHOCXbio AE^H ox ^pyrnx xnnoB BexporenepaxopOB aBJiaexca 
xo, HXO B npopecce nponxBO^cxBa aKXHBHon MomnocxH on noxpe6jiaex peaKXHBnyio Momnocxb. B 
nacxoamee Bpeisia npoBe;i:eHo mhofo pa6ox, nocBan^ennbix Mo^^ejinpoBannio n HccjicAOBannio peacHMOB 
pa6ox BexpoxypSnH paxnoFO xnna, b xom nncae n AE/],n [8 - 13]. 

Pocx MomnocxH FenepaiiHH ox BexponcxoHHHKOB, noflKjnoHennbix k snepFOcncxeMe, n 
CXOXaCXHHCCKHH XapBKXCp H3MeHHHBOCXH 3XOH MOnjHOCXH yBCJIHHHBaiOX nOXpeGjiaCMyK) peaKXHBnyio 
MomHOCxb B paenpe.i];ejiHxejibHOH sjieKxpHHeeKon CHCxeMe n, xekhm o6pa30M, coa^aiox pneKH noaBaenna 
HeyexoHHHBoexH nanpaaceniia b eHexeme. 
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npH 3TOM Heo6xOflHMO OTMCTHTb, HTO CTCnCHb BJIHaHHa (j)aKTOpa CTOXaCTHHHOCTH MOipHOCTH, 
renepHpyeMOH BeipocxaHLCHeii, na peacHM chctcmbi Gy^ex aaBHcexb ne xojibko ox BCpoaxHOCxHbix 
xapaKxepHcxHK axofl reHepapHH, ho xaicace h ox Hcxo;i:Horo cocxoaHHa cxeMbi cHcxeMbi, BepoaxHocxHbix 
xapaKxepHcxHK mohihocxh HarpyaxH, ee pacnpe;i:ejieHHa b ox^ejibHbie nepHo^Bi cyxoK. J\n5L opchkh 
B jiHaHHa Kaac^oro hs yKasaHHbix 4)aKxopoB npoBe;i:eHo AocxaxoHHoe KOBHHecxBo Hccjie;i:oBaHHH [14], B 
3XHX pa6oxax cxaxHCXHHCCKHH anajiHS 6a3Hpyexcfl na pesyjibxaxax MHoroKpaxHO noBxopaioipHxca 
pacHCxoB peacHMa CHCxcMbi, npoBO^HMbix no aexepMHHHCXHnecKHM MO^ejiaM c pasHbiMH OTCKpexHO 
3a;i:aHHbiMH bxo^^hbimh nepeMennbiMH- BeaHHHnaMH Momnocxeii renepapHH h Harpy30K. 

HccjiCAOBanne BJinanna BexpocxanpHH na ycxoHHHBOcxb Hanpaacenna aBaaexca BaacHbiM ^aa 
onpeAeaeHHa npeAeabHofl BeaHHHHbi ycxaHOBaennoH mohihocxh B03o6HOBjiaeMbix hcxohhhkob (BH), 
noaKJHonaeMbix k oneprocHCxeMe, oGecnencHHa Ha^eacHOCXH (j)yHKLi:HOHHpoBaHHa CHCxcMbi b ycaoBHax 
OKcnayaxaicHH, x.e. coxpancHHa ycxoiiHHBOCXH Hanpaacenna bo bccx yaaax oacKxpHnecKOH chcxcmbi npH 
(fjayKxyapnax Bbipa6oxKH ox BH. B pa6oxe paccmaxpHBaexca aa^ana opeHHBaHHa BepoaxnocxH 
pacnpeAeaeHHa KpHXHnecKoro ananenHa Hanpaacenna npn cxoxacxHHHOcxH Bbipa6oxKH mohihocxh BH. 
BepoaxHOCxHaa Moaeab peacHMa CHCxcMbi npn cxoxacxHnecKHx HaMCHCHnax mou],hocxh renepapHH B3C 
Moacex 6bixb npeflcxaBaena b bh^c: 


+ PbmM) - fuj {g, cos S, + B,. sin cJ, )= 0 

7=1 

ieN = {N,,+N,Q) ( 16 ) 

< ^ 

^Qi ~ Qg(i)('^) Qcit(i) ~QBH,(i) ~QH{i)i^)~G jifjij Sin ~ coscJ,^. )= 0 

M 

i e NpQ 

r.ii;e,p^(,)(A),2^(,)(/l)-Bbipa6oxKa bkxhbhoh h peaKXHBHofl MomnocxH xpa.ii:Hu;HOHHbiMH HcxoHHHKaMH, 
HoaKJHoneHHbiMH K yaay /; - anancHHa cnyqaiiHbix Bejarnm Bb5)a6aiKH aKiHBHOH MompocxH h 

noxpe6aeHHapeaKiHBHOHMon]pocxHBHBnq?HO!nf>iBpeMeHH t ; p^yy QH(i^ - aKXHBHbie h peaxxHBHbie moh^hocxh 
H arpyaKH b yaae I ; QcR{i) - MonjHOCXb KOMnencHpyiomero ycxpoilcxBa, noaKaioncHHoro k y3ay I ; g,^ By 

- aKXHBHbie H peaKXHBHbie npoBo.ii:HMocxH cBaaH Meac.ii;y yaaaiviH I nj ; A- KoaiJxjiHpHeHx aarpyaicH cexH 
(K03(|)(|)HH;HeHx npnpocxa narpyaicH); N- oSmee hhcho yaaoB cexH, n = Npv+Npq', Ui,Uj- pacnexHbie 

HanpaaccHHa b yaaax I n j chcxcmbi ^Jia aaaaHHbix aHancHHii Qbm(i) ’ ~ k-oe (jiHKCHpOBaHHoe 

aHancHHc bpcmchh. 

Bbi6opKa aHaneHHH BbipaSoxKH moiii;hocxh BT{ onpe.ii:eaeHHbix nepHo.ii:oB bpcmchh 

cocxaBjiaexca na ochobc pacnexHbix aKcnepHMenxoB c HcnoabaoBaHHCM ^aHHbix HaMepcHHH (hhh 
noaynaeMbix MoaeanpoBaHHCM) CKOpocxeii Bcxpa, panacnpycMbix na nexbipe HHxepBaaa hx HaMCHCHHii: 
CKopocxb, HpH KOxopoH BT xanycKacxca b pa6oxy, CKopocxeii, npH Koxopoii BT npCKpamaex 
(ocxaHaBHHBaexca) paGoxy; cKopocxb, npn Koxopoii BT npoH3Bo.ii:Hx HOMHHaabHyio Momnocxb; 
HOMHHaabHaa cKopocxb, npn Koxopofl BT nponaBojiHx MaKCHMyM MomHocxH. 

OpcHKa ycxoHHHBOCXH HanpaaccHHa c noMOipbio BbimenpHBepcHHbix BCpoaxHOCXHbix Mopeaeii 
npoBopHxca na ochobc anaanaa peayabxaxoB BCpoaxHOCXHoro noxoKopacnpepeacHHa (BH), c 
HCHoabaoBaHHCM 6oabmoro KoaHHCCXBa noBxopaiomHxca pacnexoB. HccaepoBanHa Bananna 
cxoxacxHHHocxH BbipaGoxKH MoipHocxH B3C H ee BanaHHc na ycxoiiHHBocxb HanpaaccHHa, onpepeacHHc 
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MaKCHMOJibHO BOSMoacHOH MomHOCTH B3C, noflKJiiOHaeMOH K aneprocHCxeMe, npoBO^HJiHCb b chctcmc 
“AsepanepacH”. 

Ha pHc. 6 noKasana ynpoipenHaa cxeMa HccneAyeMofi cHcxeMbi, npe^cxaBjicHHaa b BH;i;e ^eyx 
CBaaaHHbix Hacxen, k oahoh hs Koxopbix no;i:KjiK)HeH BexponapK, cocxoamnn hs BexpoxypGHH c e;i:HHHHHOH 
MOmHOCXbK) 2,5 MBx. 

PacnexHbie aKcnepHMCHXbi npoBO^HJiHCb c ynexoM noaxannoro pocxa cyMMapnoH ycxanoBJiCHHOH 
MomnocxH BCxponapKa na 50 MBx na Kaac^OM axane pasBHxna. Ha ochobc HCCJic^OBaHHa BcpoaxHOCxHbix 
xapaKxepHcxHK cKopocxefi Bexpa h cooxBexcxByiomHx HSMeneHHH BbipaGoxKH moiphocxh [15, 16] Gbuio 
npHHaxo, Hxo cneAyex Mo;i:ejiHpoBaxb 3xh HSMeHeniia b HHxepBajie (0-5%), (0-10%) h (0-20%). 

Hnace npHBo^axca peayjibxaxbi BH npn cxoxacxHHHocxH HSMCHeHiia xeHepapHH ox BexponapKa b 
yKasaHHbix ^Hanasonax. 

5. BepoaxHOCXHbie xapaKxepncxHKH HSMeHHHBOCXH HanpaaceHHH b ysjiax npn paSoxe B3C 

B paOoxe [17] npoBOAHJiHCb HccneAOBaHiw na ochobc MHHyxHbix saMcpoB cKopocxeil Bcxpa. Ha pnc. 
7 H pHC. 8 npCACXaBJICHbl COOXBCXCXBCHHO (j)parMeHXbI CKOpOCXH BCXpa H HSMCHCHHa Bbipa60XKH MOniHOCXH 
B3C. OxHOCHxcjibHoe cpe^Hce SHancHHe CKopocxH BCxpa b flannoM nepHO^e naOmoflCHHa cocxaBJiajio 
k\1,5mI c. nepHO.n, HSMCpCHHa cooxBCxcxBOBaji BpcMCHH yxpcHHero MaKCHMyMa narpysKH. Kax bh^ho h3 
AaHHOH KpHBOH, CpC^AHCC SHaHCHHC BbipaOoXKH MOmHOCXH CXaHpHCH B .Ii;aHHbIH HCpHOA cocxaBjiajio 15 MBx 
(pHC. 8 ). 

Ha OCHOBC .ii;aHHbix no Bbipa6oxKc c(j)opMHpoBaHa CHynaHnaa BbiOopKa cc SHancHHH, xoxopaa 
HcnojibSOBana ^a npOBC.i],CHHa noBxopaionjHxca pacncxoB noxoKOpacnpc.n,cacHHa. Ha pnc. 9 npHBCAena 
KpHBaa HSMCHCHHa SHancHHH HanpaaccHHa b xohkc CBasH pcxHona ancprocHCxcMbi c BCxpocxanpHCH c 
ocxaabHOH nacxbio chcxcmbi (na pHc.6 n/cx 110 kB “Xyp^aiiaH”) npn paOoxc B3C co cpcAHcil cKopocxbio 
12,5 m/c. Kax bh^ho h3 pnc 11, nanpaaccHHC H 3 MCHacxca b HHXcpBaac +0,3% oxHOCHXcabHO hcxo^Ahofo 
3HaHCHHa. 
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Ha OCHOBC pacHCTHbix 3KcnepHMeHTOB fljia pasHbix HHxepBajiOB CKOpocxen Bcxpa b xapaKxepnbie 
nepHOflbi cyxoK nojiyHCHbi xpacKxopHH yxaacejiaeMbix peacHMOB, Bnjioxb flo MaKCHMyna sarpysKH cexH npH 
HSMeHeHHax cKopocxeii Bexpa b HHxepBajie (5,5 m/c ^11,2 m/c) (pnc.lO). 

Ha pHc. 11 npHBo;i:Hxca xpHBaa BepoaxHocxH pacnpe;i:ejieHHa Hanpaacenna b ;i;aHHOM nepHo;i:e 
HaGaioAeHHa paSoxbi BexpocxanpHn Ha cncxeMy. 



PhC. 7. MHHyXHbie HSMCHeHHH CKOpOCXH Bexpa 
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0.976 0.978 0.98 0.982 0.984 0.986 

Phc. 11. HacTOxa pacnpeaejieHHH HanpaacenHa 

6 . HHxejiJieKxyajibHbie xexHOJiorHH ynpaBJieHaa BexpoxHeprexHHecKHMH ycxanoBKaMH 

ycxpaHCHHe HJiH yMCHbuiCHHe (jjjiyKxyaicHH moiiihocxh BexposHeproycxaHOBOK (B3y) Moacno 
ocymecxBHXb nyxeM noBbimcHHa HyBCXBHxenbHOCXH h xohhocxh peryjiaxopa [18, 19], B pa6oxe [20] 
pemeHHe BtimeyKasaHHOH npoOjieMti pemaexca na ochobc HJI - HenexKHx KOHxpojinepoB (HK). 

B [21] paccMoxpeHbi Bonpocti cHHxeaa Henexxoro perynaxopa ynpaBjieHHa bbixoahoh moiphocxek) 
B3y. Cjieayex oxmcxhxb, hxo b npe^JiaraeMbix ajiropnxMax ne yqxena ^HHaMHKa HSMCHCHHa CKOpocxH 
Bcxpa, HXO He oOecncHHBaex HCoOxo^HMyio 3(j)(j3eKXHBH0cxb paOoxbi BexpoxypOnHbi b pacnpeaejiHxejibHbix 
SJieKXpHHCCKHX CCXHX. 

B paOoxe npe;i:jiaraexca ajiropaxM ynpaBjieHHa bbixo^^hoh moiphocxbk) B3y. flaHHBifl ajiropnxM 
HosBOJiaex ynecxb ;i;HHaMHKy HSMenenHa cKopocxH Bexpa, c npHMeneHHeM annapaxa Henexxoil jiofhkh h 
H eHexKoro MHoiKecxBa, noBBimaiomHMH kbk 3(j)(])eKXHBHocxb paOoxti BexpoxypOHHbi, xaxH peiKHMHyio 
HafleacHOCxb pacnpej],ejiHxejibHbix cexeii b icejiOM. 

/],jia CHHxesa HK B3y MoacHO HcnojibsoBaxb jiHHFBHCXHHecKyio HeHexKyio MOjjejib, Koxopaa jjjia 
CHcxeMbi c AByMa Bxo;i:aMH h o;i:hhm Bbixo;i:oM HMeex bha: 

/FXii=Aii AND X2i = 32i THEN Y^=B^ 

ELSE 

IF Xi2 = Ai2 and X22 = A22 then 72 = ^2 

ELSE (17) 


ELSE 

IF X, = A, AND X,. =A,. THEN Y, =5, 

F;i;e Xi h X2 - jiHHFBHcxHHecKHe nepeMeHHtie, BKjiK)HaK)iu;He nepeMeHHbie cocxoaHHa h ynpaBjieHHa 
npoLcecca; Ai, A2 h B- HHHFBHCXHHecKHe snanenHa nepeMeHHbix Xi, X2 h y b MHoacecxBax Ei, E2 h W, x.e. 

flaa Vxj; Aj; e E■^^ , A^j e E^j h Vy^ gW , ci = l,n, j = l,m, k = 1,1. 

JXnsL HHHFBHcxHHecKHx HepeMeHHbix Xi H X2 npHHaxa ([jyHKpHa npHHa;i:ae5KHocxH, HMeiomaa 
xpeyFoabHyK) (jiopMy c napaMexpaMH a, hue: 

0, x< a 

a<x<b (18) 

b-a 
c-x 

-, b < x<c 

c-b 

0, c <x 

IIpH paOoxe KOHxpoaaepa no aaFopnxMy Mam^iaHH (no^lAep^KHBaHHe oxKaoHeHHa aKXHBHofl 
MomnoexH B HopMHpyeMbix npej],eaax) na bxojj, HK no^jaBajiHCb: 
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• BBiHHCJieHHoe HjiH HSMepcHHoe sHaneHHa cKopocxH Bexpa (jiHHrBHcxHHecKaa nepeMCHHaa 
«CKopocxb»)c xepMaMH t. (Vq ), r^e Vg. g Ej, c / = 1,8: 

En=W 


£^2 =M 
£i 3 = UM 


^14 


St 


(CjiaSaa) A(Vo,//ii (Vq)) 

(YMepeKHaa) A(Vq, ^hA\)) 

(noBBimeHHaa) A(Vo , //j 3 (Vg )) 

(CnjiBHaa) A(Vq , MuiVo)) 

(KpenKaa) A(Vo,//j 5 (Vg)) (19) 

(O^ieHB KpenKaa) A(Vo , /u^ g (Vg )) 

(UIxopMOBaa) A(Vo , //j 7 (Vg )) 

(yparannaa) A(Vo , //; g (Vg )) 

• BBiHHcaeHHBie AH^xJ^epenpHaxopoM snaneHna nponsBOAHon CKopocxn (annrBHcxHHecKaa 
nepCMennaa «)5HHaMHKa»)Bexpa c xepMaMH j ( , rae g ^ c 7 = 1,5 : 


E,,=D 
E,,=VD 
Eyi = StG 
£ig = PStG 


dt 


dt 


= NB (oxpniiaxeaBHO 6ojiBmaa) A 


£22 = NS 


£24 = PS 


(oxpnpaxeaBHo Maaaa) 
(nyaeBaa) 
(noao5KHxeaBHo Maaaa) 


dV, i 

'dV„ 'I'l 

J ’■^21 

(it 

. dt j) 

Uv, 

r^YgV 

, ’>^22 


^ dt 

\ dt ) J 


=Z 


dt 


’M23 


dt 




J) 


( 20 ) 


dt 


1 Bia 


'dV„A\ 


dt 


JJ 


E^. = PB (noaoacHxeaBHO OoaBmaa) A 


dt 


’P25 


dt 




JJ 


C BBixofla KOHxpojiJiepa CHHMajincB snaHenna jiHnrBHCXHHecKHx nepeMCHHBix «yroa noBopoxa 
jionacxeii)) c xepMaMH (a), r^e eW^ck = l,S: 


l¥i =Z 


1^2 =VS 

ly, =5 




Ws=B 

lYg =VB 
W^=L 


(HyjieBaa) 
(OneHB Majiaa) 
(Majiaa) 
(CpeflHaa) 
(BojiBuiaa) 
(OneHB OojiBuiaa) 
(npe,n,ejiBHaa) 


A(a,//j(a)) 
A(a,//2 (a)) 
A(a,//3 (a)) 
^a,ju^{a^ 

a(«,// 5(«)) 
A(«,//g(a)) 
A(a, ju-j (a)) 


( 21 ) 


Ha Oase paccyac,i],eHHH BH,n,a (19) - (21) paspaOoxana aHHXBHCXHHecKaa xaOjiHiia npaBHa Henexxoro 
peryaaxopa fljia B3y. Hpn flByx bxootbix (nepeMeHHBie «CKOpocxB» h «,HHHaMHKa») h ootoh bbixootoh 
(«yroa noBOpoxa aonacxeH») JiHHXBHCXHHecKHX nepeMeHHBix ajiropHXM ynpaBaenna HK B3y 
npe^cxaBaen npaMoyroaBHoil MaxpHpeH-xaOaHpefl (TaGanpa 1 ). B Ta6a. 1 b nepBofl cxpoxe pacnoao5KeHBi 
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xepMbi-no^MHoacecTBa nepeMCHHoii «^HHaMHKa» - 7 , a b nepBOM cxojiGpe xepMbi-no^MHoacecxBa 

dt 

nepeMCHHOH «CKopocxi>» - jy ■ 


TaSjiHua 1 

Maxpnua HenexKoro ajiropnxMa ynpaejiCHna bbixoahoh MOiuHOCXbio B3y 


/ dt 
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VB 
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z 

z 


Ae4)a33H(|)HKai];HH, x.e. oxo6paaceHHa hs AonycxHMoro npocxpaHcxBa HenexKHx ynpaBnaiomHx 
BOSACHCXBHH B npocxpaHCXBO HCXKHX ynpaBJifliomHx BOS^eHCXBHH, HcnojibsoBana cxpaxexHfl penxpa 
xaacecxH, xax Kax ^aex Jiynmyio cxaxHHCCKyio xoHHOCXb. 

PeaynbXHpyiomaa (|)yHKLi;Ha npHHaAJieJKHocxH ynpaBjiaiomero B03AeHcxBHa onpeAenaexca c 
npHMeneHHeM MaxMHH-HOH KOMno 3 HLi;HeH JI.3a;i:e: 


Mxiz) = min 


max 


Mu(Vo)^M2J 


dt 


( 22 ) 


yjj 


J\jm npHBeAeHHe k hcxxocxh (naxoac/iCHHa zo), cxpaxerna penxpa o6jiacxH reHepapyex penxp 
xaacecxH pacnpeAeneHiw B03MoacHocxeH pe3yjibXHpyK)ii];ero ynpaBnaiomero B03AeHcxBHa. B cjiynae 
nenpepbiBHoro MHoacecxBa axa cxpaxerna ^aex: 


j {z)dz 

n_ 

j //j. {z)dz 


(23) 


r;i;e n - hhcjio ypoBHefl KBanxoBaHHa Bbixo;i:a. 

MoAenHpoBaHHe pa 6 oxbi HK ocymecxBuaaocb b cpe;i:e MATLAB na 6 a 3 e naxexa Fuzzy Logic 
Toolbox. B KauecxBe o 6 x>eKxa ynpaBJiCHua 6 biJi HcnojibaoBana B3y moacjih FL-2500/90, ycxanoBJiCHHaa b 
pacnpeflCJiHxejibHbix cexax na ceaepe AnmepoHCKoro nojiyocxpOBa (A3ep6aH.i],acaH), a na pnc. 12 
npHBCAeHa cxpyKxypnaa cxeMa noAKJuoueHHa BexpocxaHpHH MoipHocxbio SOMBx k sxoh ccxh. 

Ha pHc. 13 npuBCACHa xpuBaa HaMCHCHHa bbixoahoh MomnocxH B3y b xaBHCHMocxH ox 
CKopocxH Bcxpa na base FL-2500. 
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Pmc. 12. Cxe/v\a noAxynoHeHkin BeTpocTaHi^kin k cctm «A3ep3Hep>Kki» 

Ha pHc. 14 noKaaaHti cpaBHHxentHtie KpHBtie HSMeHCHHa bbixoahoh MomHocTH B 3 y, 
nOHyHeHHBie B SaBHCHMOCXH ox CKOpOCXeil H AHHaMHKH HSMeHCHHa CKOpOCXH Bexpa npH 
XpaflHpHOHHOM H HCHCXKOM ynpaBJICHHH npH HOMHHajIbHOH HarpySKC paCCMOXpCHHOrO ySJia 
sneKxpHHecKOH cexH. 

HsMeHCHHe HanpaaccHHa na BSY npH sxom npe^cxaBiieHo Ha pnc. 14. Kax bh.ii;ho h 3 pHcyHKOB, 
npH HenexKOM ynpaBjieHHH bi>ixo.ii:hoh MomnocxH BSY noA^epacHBaexca b npe.ii:ejiax 2200 - 2500 
kBx, h BbixoflHoe HanpaaccHHC npH oxom npaKXHHCCKH cxaOHJibHO MCHaexca b npe^ejiax okojio 100%. 

Ha pHC. 16 npCflCXaBJICHbl KpHBbie HSMCHCHHa BbIXO.I],HOH MOnjHOCXH B3Y npH MHHHMajIbHOH H 
MaKCHMajIbHOH HarpySKC 6e3 BKJIIOHeHHfl H C BKJHOHCHHeM CXaHLlHH B3Y C CyMMapHOH MOipHOCXbK) 
50 MBx. Kax bh^ho, HanpaaccHHa b noxpe6HxejibCKHX niHHax HaxoABTca b npcACJiax 97 - 100%, hxo 
H o6ecneHHBaex xpeOoBaHHe, npcAaBjiaeMoe k pejKHMHoil HaACJKHocxH ajieKxpHHecKoii cexH no 
HanpaaceHHK). 



LLIar M3MepeHMH 

Phc. 13. HsMeneHne BbixoAHoii aKXHBHOH mouihocth BBY npn HopMajikHOH narpysKe 
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Phc. 14. HsMeHCHHe Hanpn^eHHH BBY 
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Phc. 15. H3MeHeHHe bmxo/^hoh aKXHBHoii MomnocxH B3y 
npH MHHHMajiBHOH (a) H MaKCHMajiBHOH (6) Haxpy3Ke 



- PMax6e3 Bay 

- PMaxcBay 50 MBt 

- Pmmh 6e3 Bay 

- pmmhc BayaoMBT 


Phc. 16. HaMCHCHHC HanpH^CHHH B3y npn MHHHMajibHOH 
H MaKCHMajiBHOH Haxpy3Kax 
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Pesyjibxaxbi KOMnbioxepHoro MoaejinpoBaHHa CBH^exejibcxByiox o xom, hxo peryjiaxop HenexKOH 
jioFHKH 6ojiee cxaSHjibHo o6ecneHHBaex Bbixo;i:HOH aKXHBHofl MoipHocxbK) B3y, BxoAamne b cocxaB 
aneKxpHHecKOH cexH c pacnpe;i:ejieHHOH reHepapneH no cpaBHennio c xpa;i:Hu;HOHHbiM peryjiaxopoM, n 
BbixoflHoe Hanpaacenne npn 3xom naxoOTTca b flonycxHMon o6jiacxH, hxo cnoco6cxByex noBbimcHHio 
peacHMHOH Ha^eacHOCxH ajieKxpHHecKon cexn. 

3AKJIIOHEHIW 

1 . npeAJioacena ycoBepmencxBOBaHHaa MO^ejib APMA ^Jia npornosa Bbipa6oxKH mohihocxh B3C na 
KpaxKOcpoHHbie nepHOflbi (^o 60 mhh), nosBOJiaioniaa HfleHXH(j)HiiHpoBaxb fljinxejibHOCxb cxaLcnonapHOCxH 
BblOopKH H3 MHOaceCXBa H3MepeHHH H XeM CaMbIM COKpaXHXb o6beM HHCjjOpMapHH JlJlfl OnepaXHBHOrO 
nonynenna npornoaa. YcnoBne Hanjiynmero npornoaa BennHHHbi Bbipa6oxKH Momnocxn - Gjinaocxb 
cxaxHCXHHCCKHx xapaKxcpHCXHK onpe^ejieHHbix Bbi6opOK, no KOxopbiM HfleHXH(j)HiiHpyexca MO^ejib 
opcHKH npOFHoaa. 

2. npefljioaceHbi anajiHXHHecKne n Hncjiennbie Mcxo^bi BepoaxHOCxnoFO noFOKOpacnpeflenenna b 
anepFocHcxeMe, Koxopbie noaBOJiaiox opennBaxb napaMexpbi ycxaHOBHBuinxca peacHMOB cncxeMbi c ynexoM 
CXOXaCXHHHOCXH BbipaOoXKH MOmnOCXH BOaoOnOBJiaeMblMH HCXOHHHKaMH H MOmnOCXH HaFpy3KH. 
nojiyHCHHbie xapaKxepHCXHKH pacnpeflejienna BcpoaxHOCxen nanpaacenna no3BoaaK)x onpefleanxb 
Bananne pocxa floan HHxeFpnpyeMon Momnocxn B03o6HOBaaeMbix hcxohhhkob na peacHM cncxeMbi. 

3. CocxaBaena cxpyxxypa nenexxoFO pexyaaxopa, ynpaBaaiomexo Bbipa6oxKOH Momnocxn BT b 
xaBncnMocxn ox cKopocxn Bexpa. Oxananxeabnon ocoGennocxn npe^JiaxaeMOFo pexyaaxopa cocxonx b 
AonoannxeabHOM yaexe .i^nnaMnKa nxMenenna CKopocxn Bexpa, BbiancaaeMaa AHijajiepeHpnaxopoM 
anaaenna nponaBO^non CKOpocxn. TaxnM o6pa30M, nyxeM KOMnencaiinn ijiayKxyaLinH Momnocxn BT 
MoacHO ocymecxBnxb noBbimenne ayncxBnxeabnocxn n xoanocxn pexyaaxopa. 
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ABCOPBI^HOHHblH TEnJlOBOH HACOC - KAK CPEACTBO nOBBILUEHHil 
3(D(DEKTHBHOCTH TEXHOJIOEHH TEPMHHECKOEO OnPECHEHHil MOPCKOH BO;^BI 


^.A.AxMeAOBa, M.M.AraMajiHeB, P.r.MaivieASeKOBa 
A 3 ep 6 aHA^aHCKHH FocyAapcTBeHHbiH YHHBepcHTeT He(])TH h IIpoMbiuiJieHHOCTH 

AHHOTAI^IW 

^e(j)HiiHT npecHOH bo^h flejiaex aKxyajibHbiM onpecHCHHC MopcKHx bo^. CyipecxByiomHe 
xexHOJiOFHH onpecHCHHa xapaKxepHsyioxcfl bhcokhmh saxpaxaMH, ocoBchho xexHOJiorna xepMHHecKoro 
onpecHCHHa. B cxaxte, na npHMepe boam KacnHHCKoro Mopa, paccMaxpHsaioxca Bonpocbi noBtimeHHa 
3 (|)(|)eKXHBHOcxH npopccca xepMHHecKoro onpecHCHHa nyxeM HHxerpnpoBaHHa LiBr-oro aGcopSpHOHHoro 
xenaoBoro nacoca b CHCxcMy xepMHHecKoro onpecHCHHa, a xaxace opraHHsaiiHH npoicecca OTCXHaaapHH b 
o6aacxH bbicokhx xeMnepaxyp h KpaxHOCxen ynapHBanHa. BosHHKaiomyio npH 3 xom sa^any no 
npeAoxBpanieHHK) oGpaaoBanna naKHnn CaS 04 npcAJiaraexca peninxi, npeABapnxeabHbiM 
HanocjjHabxpapHOHHBiM yMarneHneM. 

npHBOAaxca MaxeMaxnnecKaa Mo;i:eab chcxcmbi h peayabxaxti KOMntioxepHOH cHMyjiapnn 3 xoh 
MO flean. OBocnoBbiBaexca BOSMoacnocxb cnnacenna xenaoBbix saxpax na 60^70% n yaeabnon noBepxnocxn 
narpCBa 2 pas no cpaBnennio c oBbihhoh xexnoaornen xepMHHecKoro onpecnenna. ^aa 3xoro npon:ecc 
xepMHnecKOH ^^Hcxnaaapnn npe;i:aaraexca ocymecxBaaxb b oGaacxn xeMnepaxyp Rnnenna 120^130*^0, 
KpaxHocxen ynapnaanna 6^8. Ha npnMepe CanranaabCKon ;i;H3eabHOH aaeKxpocxanpnn noKasbiBaexca, nxo 
nyxeM yxHansapnn OpocoBoro xenaa cxaHpnn Moacex Gbixb oOecneneno nnaynenne AeineBoro ;i;HcxHaaaxa 
H samnxa ORpyacaiomen cpe^bi ox xenaoBoro sarpasnenna. 

KaioHeBbie caoBa; xepMnnecRoe onpecnenne; aOcopOpnonnbin xenaoBon nacoc; HHxerpHpOBanne; 
nanocjjHabxpapHOHHoe yMarneHne; noBtimenne ocJxjjeRXHBHOcxn. 


BBE^EHHE 

CoBpeMennbiH 3xan pasBnxna pHBHansaLCHH xapaRxepnsyexca napacxaioniHM fle(j)Hn:HxoM npecnon 
BOflbi, oOycaoBaennbiM ORcnonenpnaabnbiM pocxoM HHcaennocxH naceaenna, orpannHennocxbK) 
npecHOBo;i:Hi>ix hcxohhhrob, hx ncxomenneM, anxponorenHbiM aarpasnenneM n nponnMH npHannaMH [1], 

KaR noRasBiBaex MnpoBaa npaRXHRa (Cay^oBCRaa Apaana, Kaxap, Hapanab n ^p.) pa^HRaabHbiM 
nyxeM pemenna aannon npoOaeMbi anaaexca onpecnenne coaenbix bo^, na aoaio Roxopbix npnxo^Hxca ao 
75% Bcex BOflnbix aanacoB naanexbi. Pemenne aannon npoOaeMbi axxyaabno n aaa paaa pernonoB 
npHRacnniicRoro n npHnepnoMopcRoro noOepeacba: Anmepon (AaepOan^^acan), KpbiM (yRpanna), 
MaHXbimaaR (Kaaaxcxan). B 2010 ro;i:y npean^eHxoM Aaep6aH/i;5RaHCROH pecnyOanRn npe^aoiReno 
naynnxb Bonpoc o cxponxeabcxae na Anmepone Rpynnbix onpecnnxeabHbix ycxanoBOR no npnMepy 
BbimeyRaaannbix cxpan. 

Bnoane oneBn^no, nxo pemenne npoOaeMbi ae(j)Hn:Hxa npecnon BO^bi floaacno nocnxb 
ROMnaeRCHbiH xapaRxep: Hapaji;y c coa;i:aHneM RpynnoMacmxaOnbix onpecnnxeabHbix ycxanoBOR, 
neoOxoAHMO oOpaxnxb BHHManne na Bonpocbi ^^epenapaanaoBannoro BopocHaOiRenna nyxeM coapanna 
aoRaabHbix onpecnnxeabHbix ycxanoBOR neOoabmon nponaBopHxeabHocxn paa nyacp oxpeabHbix, 
paccpepoTonennbix noxpeOnxeaen - ROxeabHbix, xenaoBbix aaeRxpocTanpHH, (jiepMepCRHX xoaancxB n pp. 
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HesaBHCHMO ox npHMeHacMoro Mcxo^a, onpecHCHHC sBJiaexca BCCbMa SHeprosaxpaxHbiM h 
K anHxajiocMKHM npopeccoM. HecMOxpa na 6ojiee niHpOKoe pacnpocxpancHHe xcxhojiofhh 
o6paxHoocMoxHHecKoro onpecHeHHa (60^65%), xexHOJioxHa xepMHHecKoro onpecHCHHa (25^30%), 
ocxaexca BocxpeSoBaHHofi no npnHHHe xaxnx ^ocxohhcxb, xax nesaBHCHMocxb xexHonoxHHecKHx 
noKasaxenen ox cojieco;i:epacaHHa hcxoahoh bo^bi, a xaxace najinniia b hch npnMecen opraHnnecKoro n 
6HOJiorHHecKoro xapaxxepa, BOSMoacnocxb nojiyncHHa bo^bi c conecoflepacaHHCM 5^10 hxo b 

HCCKOJibKO pas MCHbine hcm npn o6paxHOM ocMOce[2,3]- 

Kax HSBecxHo, xepMnnecKoe onpecnenne npeAycMaxpnBaex 4)a30Boe npeBpamenne boabi h nooxoMy 
xapaxxepnsyexca bmcokhimh xennoBbiMH saxpaxaMH - ox 2200 K/I,ac/KF na o^^nocxynennaxbix ycxanoBKax 
AO 100^200 K/],ac/KF na MHOFOcxynennaxbix [4], 

Ho 3XOH npHHHHC B COBpeMCHHblX HCCJICAOBaHHaX, HanpaBJICHHblX na nOBbimCHHe 3(j)(j)eKXHBHOCXH 
XCXHOJIOFHH XepMHHCCKOFO OHpeCHCHHfl, HaMCXHJICB pBA HpOFpCCCHBHblX XpCHAOB, BKJHOHafl 
HCnOJIBSOBaHHC BOSoOHOBJiaCMblX HCXOHHHKOB OHCpFHH, OpOCOBOFO XCIUia OHCpFOyCXaHOBOK, 
HHXCFpHpOBaHHC XCHJIOBblX HaCOCOB B CHCXCMbl XepMHHCCKOFO OnpCCHCHHa H ApyTHC [5]. IIOKaSaHO, HXO 3a 
cnex HCHOJibsoBaHHfl HcOojibnioxo KOJiHnecxBa cxopoHHcii OHcpxHH xenjiOBbie Hacocbi oOecncHHBaiox 
HOBbimcHHe napaMCxpoB bxophhhofo napa Hcnapnxcjifl c nocjiCAyiomHM HcnojibsoBaHHCM exo b KanecxBe 
rperomcFO napa h oxboaom oOpasyiomerocfl AncxHJuiaxa b KanecxBe onpecHCHHOH boabi. npH 3xom pacxoA 
nepBHHHOH oHcpFHH cHHJKacxca Gojiee hcm b 2 pasa, no cpaBHCHHio c oGbihhbim xcpmhhcckhm onpecHCHHCM 
[ 6 ]. 

Eipe OAHH xpcHA CBBsan co cxpeMiienneM chhshxb yACJiBHbie KannxajibHbie saxpaxbi nyxcM 
noBbimeHHfl xeMnepaxypbi KHnenna MopcKoii boabi h cxenenn HSBJieHCHHfl AHCXHJUiaxa (cxencHH 
ynapHBBHHa, kohbcpchh) [2], TaKofl noAxoA xpcGyex pemcHHc npoOjicMbi cyjiBcjiaxHOH naKHnn h b 3xoh 
CBasH npcAJiaxaioxca pasjiHHHbie mcxoabi yMaxHCHHa MopcKOH boabi [2,4], CHHxesnpyioxca 
BbicoKoxcMnepaxypHbie anxHnaKHnHHbi. 

HsBCCxHbi HCCJiCAOBaHHfl c HHxerpHpoBaHHCM xenjiOBbix nacocoB b CHCxcMy xepMHHCCKoro 
onpecHCHHa, Koxopbie oOecncHHBaiox KOMnpeccHio bxophhhofo napa oahhm h3 Hcxbipex mcxoaob: 
MCXaHHHCCKHM, XCpMHHCCKHM, aOcOpOpHOHHbIM H aACOpOpHOHHbIM [3]. HaHMCHCC HSyHCHbl CHCXCMbl C 
HHXexpHpOBaHHblMH COpOpHOHHblMH XCnjIOBblMH HaCOCaMH. MoKAy XCM OHH XapaKXCpHSyiOXCa XaXHMH 
AOCXOHHCXBaMH, KaK BOSMOaCHOCXb HCHOJIbSOBaHHfl B KaHCCXBC HCpBHHHOH OHCpFHH JlloOorO HCXOHHHKB 
xenjia c AOCxaxoHHoii xeMnepaxypon: oxpaOoxaHHbiii nap, Bbixjionnbie rasbi OHeproycxanoBOK, cojiHennyio 
OHcpFHK). Ohh npaKXHHCCKH OccuiyMHbi H HC coAcpacax ABHacyiAHXca nacxcH. CoxjiacHO HCCJiCAOBaniiaM 
[3] no xaKOMy onepFcxHHecKOMy noKasaxcjiio, xax K03(])4)Hn;HeHx BbixoAa, xapaKxepHsyiomeMy kojihhccxbo 
AHCXHjijiaxa na KaacAbifi kf ABH^yipeFO napa copOpHOHHaa KOMnpeccna npcAnoHXHxeabHCH Apyrnx 

MCXOAOB. 

Ha npHMCpe OKcancKOH boabi noKasano, hxo npn xeMHcpaxype KHnenna b OAHOCxynennaxoM 
HcnapHxeae - h KpaxnocxH ynapHBanHa - 1,8 c HcnojibsoBaHHCM aOcopOicHOHHOFO xenjiOBoro nacoca 
(ABTH) AJia KOMnpeccHH bxophhhofo napa, KoocJxjiHAHeHx BbixoAa AHCxHaaaxa noBbimaexca ao 3-x [3]. 
/I,ajibHeHmee noBbimcHHc ohcpfcxhhcckhx noKasaxeacH cBasbiBaexca c neoGxoAHMocxbio noBbimcHHa 
xeMnepaxypbi KHnenna h xpaxHOCXH ynapHBanHa. 

B paOoxe [6] npnBeACHbi pesyabxaxbi cpaBHHxeabHbix HCcacAOBannH ABTH c ncnojibSOBaHHCM 
BOAHbix pacxBopoB: NHs, LiCl h LiBr. HoKasanbi npcHMymecxBa copOenxa LiBr h npcAJioaccHa xcxhobofhh 
onpecHCHHa, b KoxopoM xcMnepaxypa OpocoBoxo xenaa xcKcxHabHoii (jiaOpHKH noBbimaexca nocpcAcxBOM 
ABTH H Hcnoabsyexca onpecncHHa boabi Cpcahscmhofo Mopa. ABxopaMH [7] oOocHOBbiBaexca 
xepMOAHHaMHHCCKaa ocJxjieKXHBHOCXb HHxerpnpoBaHHa ABTH b cxcMy MHOxocxynennaxoro onpecHenna 
BOABI CpCAHSCMHOrO MOpa C HCnOabSOBaHHCM COBHCHHOH OHCprHH. 
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BaacHO otmcthtb, hto nesaBHCHMO ox Mcxo^a KOMnpeccHH napa Bce HSBCCxHbie HCCJie^OBanHa 
BbinojiHCHbi o6jiacxH hhskhx xcMnepaxyp: 60^90 h KpaxHOCxen ynapHBanHa Mcnee 2-x. IIpH 3xom 
yKasaHHbie orpaHHHeHHa oSycjioBjieHbi acenaHHCM HsSeacaxt huh MHHHMHsnpoBaxb npopecc o6pa30BaHHa 
HaKHHH cyjib(|)axa KantpHa. 

IIpHMeHHxejibHo K Bo;i:e KacnHHCKoro Mopa BosMoacHocxH aScopSpHOHHoro onpecHenna He 
HaynajiHCb. Meac^y xcm, HajiHHHe b pexHone SHaHHxejibHoro KOJiHaecxBa 6pocoBoro xenjia ^HsejibHbix 
SHeprexHHCCKHx ycxanoBOK b bh^c oxpa6oxaHHbix rasoB h oxjiaac^aioniHx bo^, a xaxace bbicokhk ypoBCHb 
coaHCHHOH pa^HapHH ACJiaiox aKxyaabHbiM pa3pa6oxKy xexHoaoxHH a6cop6u;HOHHoro onpecHCHHa 
KacHHHCKOH BOAM c pcabK) HpoeKXHpoBaHHa cooxBexcxByiomHx ycxanoBOK AJia AepeHxpajiHsoBaHHoro 
BOAOCHaSaceHHa npHMopcKHx npe^npHaxHH. IIpH 3xom ^aa o;i:HocxyneHHaxbix onpecHHxeabHbix 
ycxanoBOK, c ynexoM KOMnaKXHOCXH, b KanecxBC Mexo^a yMarncHHa npe^cxaBaaex HHxepec 
HaHOcjjHabxpapHa, oGecncHHBaioniaa 95^98%-oe CHHaccHHC KOHpcHxpapHH ^ByxBaacHXHbix hohob, hxo 
co3;i:aex npeAnocbijiKH ^aa pemenna npoSaeMbi cyabcjjaxHOH HaKHHH h oprannaapHn npopecca b oSaacxH 
BbicoKHx 3HaHeHHH xeMHepaxypbi KHnenna h KpaxHocxen ynapHBaHHa. 

Lleabio HacxoamHX HCcae^OBaHHH aBaaexca HayacHHe ochobhbix KoaHHecxBCHHbix 
aaKOHOMCpHOCxeii xexHoaoxHH BbicoKOxeMnepaxypHoro o^HOCxyneHnaxoro xepMHaecKoro onpecHenna 
BO^bi KacHHHCKoro Mopa npH HHxerpnpOBaHHH b CHCxcMy a6cop6iiHOHHoro xenaoBoro nacoca h pemcHHH 
cyab(|)axHOH npoGaeMbi HanocjjHabxpapHOHHbiM yMaraeHHeM. 

TexHoaorHHecKHe cxeMbi h Mexo^HKa npoeeAeHHH Hccae^oBaHHH 

TexHoaoFHHecKaa cxeMa HCcaeayeMoii chcxcmbi (pHC.l) BKaroaaex nacoc hcxo^hoh boabi (1), 
Moayab HaHOcjjHabxpapHOHHoro yMaracHHa (2), oxaaflHxeab ^Hcxnaaaxa h ocxaxoHHoro pacxBopa (3), 
KOH;i;eHcaxop (4), a6cop6ep (5), npoMeacyxoHHbifl xenaoo6MeHHHK (6), nacoc boahofo pacxBopa LiBr (7), 
FCHcpaxop (8) H FopHxoHxaabHo-nacHOHHbiH HcnapHxeab (9). 



Phc. 1. TexHoaoFHHccKaa cxema chcxcmm o^^HocxyncHHaxoFo xcpmhhcckofo onpecHCHHa c 
a6cop6u;HOHHbiM xenaoBbiM nacocoM h MOAyJicM HanocjjHabxpapHH 
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OyHKiiHOHHpoBaHHC npefljiaracMOH xexHOJiorHHecKoii cxcmbi ocHOBano na peajiHsapHH 
coBOKynnocTH cjie^yiomHx npopeccoB: 

• no^ana nacocoM (1) MOpCKoft bo^bi c pacxoflOM - Gmb h xeMnepaxypoH - Tmb na MO^ynb 
HaHOcjjHJibxpaiiHOHHoro yMaxHCHHa c nojiyHCHHCM yMaxHCHHoro nepMcaxa - Gn h c6pocHoro KOHiieHxpaxa 

- Gk; 

• oxjia5K;i:eHHe nepMeaxoM oxbo;i:hmi>ix hs chcxcmbi AHCxHnnaxa h ocxaxoHHoro pacxBopa; 

• HarpeB nepMeaxa c KOHAencapHefl nacxn bxophhhofo napa Hcnapnxejia h pasAeneHneivi na ^ea 
noxoKa, o^HH hs KoxopBix - Gdb, HcnojiBsyexca AJia nnxaHiw a6cop6epa, a Apyrofl - Gox, AJia oxBo^a 
xenna h3 chcxcmbi. IIpH 3xom ;i;HCXHjijiax CKOH^encHpoBaHHOH nacxH BxopHHHoro napa oxBo^nxca b BH;i;e 
nacxH LcejiCBoro npo^yKxa - Gi; 

• aScopSpna HecKOHAencnpoBaBmenca nacxn BxopnHHoro napa ncnapnxena - 
KOHLcenxpHpOBaHHBiM pacxBopoM LiBr, nocxynaromnM b a6cop6ep h 3 renepaxopa (flecop6epa) - Gr; 

• BBiflejienne xenjia npn a6cop6n:HH napa pacxBopoM LiBr H3-3a 3K30xepMHHecKoro xapaxxepa 3xoro 
npopecca, conpoB05K/i;aK)m;eeca paaGaBnenneM pacxBopa, KHnenneM nnxaxejiBnon bo^bi c nojiynenneM 
napa - D 2 AB’ ncnojiBayeMoro b KanecxBe nacxn nepBHHHoro napa ncnapnxena n xepMOAHnaMHHecKH 
paBHOBCCHoro c HHM pacxBopa, HcnojiBaycMoro nnxanna ncnapnxejia - Gab; 

• xenjioo6MeH Mcac^y paaGaBJiennBiM n KOHpenxpnpOBaHHBiM pacxBopaMH LiBr; 

• xepMHHecKoe KOHpenxpnpoBaHHe paaSaBjicnnoro pacxBopa LiBr b renepaxope aa cnex ABHJKymero 
(cxoponnero) ncxoHHHKa xenjia (napa) - D^n, c BBipa6oxKOH xaKoro ace KOJinnecxBa Bo^anoro napa, 
Koxopoe Gbijio a6cop6HpoBaHO panee: Dp = D^ab- HcnojiBBOBanne 3xoro napa b KanecxBC ocxanBHon nacxn 
nepBHHHoro napa ncnapnxejia - Dnn; 

• xepMHHecKaa ;i;HcxHjiJian:Ha ocxaxonnoro pacxBopa a6cop6epa b ncnapnxene c nojiynenneM 
BxopHHHoro napa - Dsn; 

• CMeninBanne ;i;HCXHjiJiaxoB nepBHHHoro n nacxn BxopnHHoro napoB ncnapnxena c nonynenneM 
HCKOMoro npo^yKxa - G^. 

MexoflHKOH npOBCflenna nccjicflOBannH npe^ycMaxpHBajiacB pa3pa6oxKa MaxeMaxHHecKoii MO^ejin 
AannoH chcxcmbi c nocneAyiomeH KOMnBMxepnon CHMyrrapnen pjifi naynenna Bananna KOMnaeKca 
BXOAHBix onpe;i:ejiaK)n];HX (JjaKxopoB na coBOKynnocxB bbixo;i:hbix xexHoaornnecKHX n aneprexnnecKHX 
noKaaaxeaeii chcxcmbi, KoxopBie b peaoM xapaKxepnayiox 3(|)4)eKXHBHocxB npopecca onpecnenna. Ilpn 
3XOM aa 6a3y 6Bma npnnaxa MO^eaB, npeflaoacennaa b pa6oxe [3] ^aa chcxcmbi a6cop6iiHOHHoro 
onpecnenna. Ona 6Bma flonoanena MOfleaaMn cxa^nn Hano(j)naBxpan:noHHoro yMarnenna n oGpaaoBanna 
naxnnn CaS 04 b ycaoBnax bbicokoh Kpaxnocxn ynapnBanna n xeMnepaxypBi Knnenna, a xaxace 
BBiBe.ii:eHHBiMn na ocnoBannn xaGannnBix .ii;aHHBix [3] KoppeaapnonnBiMn aaBncnMocxamn anxaabnnn n 
xcMnepaxypBi pacxBOpa LiBr ox KOHpenxpaiinn n xemnepaxyp napOB bo^bi na^ KnnanjnM pacxBOpOM. 

^aa MOfleanpOBanna cxa.n,nn HaHO(j)naBxpaiinn ncnoaBaoBaaacB KomnBioxepnaa nporpaMMa 
«ROSA» (Reverse Osmosis System Analysis) [8], Ha ocnoBannn npe.n,BapnxeaBnBix nccaeflOBannii 
MCMSpan, npcAycMoxpeHHBix ;i;aa nanocjjnaBxpapnn Gbiaa npnnaxa MemSpana NF-90, xapaKxepnayiomaaca 
6 oaee bbicokoh ceaeKXHBHocxBio kbk no .ii;ByxBaaeHXHBiM, xax n oAnoBaaenxHBiM nonaM. 

Mo.n,eaB cxa^nn a6cop6n:HOHHoro onpecnenna BxaiOHaex ypaBnenna MaxepnaaBHBix n xenaoBBix 
GaaancoB ochobhbix aacMcnxoB - ncnapnxeaa, oxaa^nxeaa, Kon^encaxopa, a6cop6epa, renepaxopa 
(.itecopSepa), ypaBnenne xenaonepettann, nponaBettenna pacxBopnMocxn CaS 04 , nponaBettenna axxHBHBix 
KOHLceHxpaicHH HOHOB Ca^^ H 504 “, a xaKace CHCxemy KoppeaapHonnBix aaBHCHMOCxeii ^aa onpe^eaenHa 
anxaaBnnn, xeMnepaxypnon Acnpeccnn n /ipyrne. 

OcHOBHBie aaeMCHXBi MaxeMaanaecKon Mo^itean (MM) npnBojtaxca nnace. 

flaa xexHoaornaecKOH cxcmbi b peaoM Moryx 6bixb nanncanBi caettytomne ypaBnenna 
MaxepnaaBHBix GaaancoB no noxoKaM h coaaM 
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( 2 ) 


^MB = + ^OX + ^OP + (1) ^MB ■ SmB = + Gqx ' Sqx + Gqp ' Sqp, 

r;i;e Smb,Sk» Sqx h Sqp - co^epacaHHe conefi b cooxBexcxByiomHx noxoKax, mf/am^. 

MM cxa;i:HH HaHo4)Hjii>xpai];HOHHoro yMarHenna: 

^MB = Gn + Gk (3) 


Gmb ■ Si ,mb = Gn ■ Si,n + Gk ■ Si,K , (4) 

r^e Si, mb, Si,n h Si,K - KOHiienxpaiiHH oxflejibHbix hohob b MOpCKOH BO^e, nepMcaxe h KonpeHxpaxe, 
Mr/,n,M^. 

B pacnexHOH nporpaMMC «ROSA» Hcnojibsyexca xaKOH noKasaxejib, kbk K03(j)(j)HiiHeHx Bbixo^a 
nepMeaxa oxnocHxejibHo hcxoahoh boam (KOHBepcHa) - P: 

P = Gb/Gmb ( 5 ) 

nporpaMMa nosBOJiflex hbbccxhoh BCJiHHHHbi Gn h BapbHpycMbix b npe,n,ejiax 0,5^0,8 
SHaHeHHBx p, c ynexoM KOHpeHxpapHOHHofl nojiapHsapHH, KoppeKXHo paccHHXbiBaxb KOHpeHxpapHH 
Kaayiioro Hona, a xaxace hx cyMMbi b nepMeaxe h KOHpeHxpaxe. 

ypaBHCHHa MaxepHajibHoro h xenjioBoro GajiaHca jiim KOH,ii;eHcaxopa: 

Dbb = Diab + Gti ( 6 ) Gn = Ghb + Gqx ( 7 ) 

(Dbb “ Diab) ■ ^Bn = Gn ■ Cp ■ (Tnp — Tn) (8) 

r,n,e Fpn - CKpbixaa xennoxa napooGpasoBanHa npn xeMnepaxype nacbimeHHfl BxopHHHoro napa HcnapHxejia, 
K/],ac/Kr; Tn h Tnp - xeMnepaxypbi nepMeaxa na Bxo,n,e n Bbixo^e Kon^aencaxopa, cooxBexcxBenno, ‘^C; Cp - 
yAenbnaa xennoeMKocxb bo^m, K/],5K/(Kr °C). 

SaBHCHMOCxb ri=f(Ti) Moacex 6bixb Bbipaacena b BH,n,e ypaBnenna perpeccnn [3]: 

Fi = 2499,5698 - 2,204864 ■ Tj - 2,304 ■ 10-^ ■ (9) 

F,i],e Ti - xeMnepaxypa nacbinienna, ‘^C: Ti=TBn. 
a6cop6epa mo5kho nanncaxb: 

Diab + Gp = Go (10) Gab + D 2 AB = GnB (H) Gbb ' Sbb = Gab ' Sab (12) 

Diab ■ hiAB + GnB ■ hnB + Gp ■ h^xiBr = Dzab ' h2AB + Gab ' ^ab + Gq ' hp.uBr (13) 

F,i],e Gp H Gq - pacxo,n,bi KOHu:eHxpHpOBaHHOFO n pasOaBnennoFO pacxBOpOB aGcopGenxa, cooxBexcxBenno, 
kf/c; D 2 AB H Gab • pacxoAti napa n ocxaxoHHOFo pacxBopa a 6 cop 6 epa (nnxaxenbnon boam ncnapnxena), 
cooxBexcxBenno, kf/c; Sab h Sbb- coAepjKanne cojien b cooxBexcxByiomnx noxoxax, 
mf/^m^; hnB/hAB<hiAB<h2AB<hK.LiBr hp LiBr ~ 3 nxajibnHH nnxaxejibnon BO,n,bi a 6 cop 6 epa, ncnapnxejia, 
napa na Bxo^e n Bbixo,n,e a 6 cop 6 epa, a xanace KoniieHxpnpOBannoFO n pasGaBJiennoFO pacxBopoB LiBr, 
cooxBexcxBenno, K,Hac/KF. 

3HxajibnHH boabi b napoBon n acHAKon (Jiaaax onpeAenaioxca no (JjopMyjiaM, K/l,ac/KF: 
h; = ri + CpTi (14) hi = CpTi (15) 

A ]\jm pacnexa onxanbnnn pacxBopoB LiBr b saBHCHMOcxn ox xeMnepaxypbi n KonpenxpaiiHH 
BemecxBa nyxeM MaxeMaxHHecKon o6pa6oxKH xaSnnHHbix ,ii;aHHbix [3] Sbuin nonynenbi cneAytomne 
(jiopMyjibi: 

huBr = bo + biT (16) 

F,ii;e bo H bi - oMnnpnHecKne K 03 (|) 4 )Hn;HeHXbi, saBncamne ox KonpenxpapHH pacxBopa LiBr: 

bo = -1819,6 ■ S^iBr + 2150,6 ■ SuBr - 631,37 (17) 

bi = 65,857 ■ S^iBr - 31,595 ■ S^Br + 20,26 (18) 

nojiynennafl (jiopMyjia cnpaBe^JiHBa ^Jia ^nanasona nsMenenna xeMnepaxyp 40^140°C, 
KOHn:eHxpan:HH pacxBOpa LiBr 0,3^0,7 (b mbccobbix ^ojiax). 

YpaBHenna MaxepnajibHoro n xenjiOBoro OajiancoB ncnapnxejia: 

Gab = Dbb + Gqp (19) Dpn ' rnn = Opn' Tbb (20) 
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rae rnn - CKpbixaa xennoxa napoo6pa30BaHHa npH xeMnepaxype nepBHHHoro napa, paccHHXbiBacMaa no 
ypaBHeHHK) (9) npn Ti=Tnn. 

B CBOK) onepeAB xeMnepaxypa nepBHHHoro napa CBasana c xeMnepaxypofl BxopnnHoro napa 
cooxnomenneM: 

Tnn=TBn+AT (21) 

r^e AT - xeMnepaxypnbiH nanop, sa^aBaeMbin b pacnexax. 

XeMnepaxypa BxopnnHoro napa enasana c xeMnepaxypofl Rnnenna - Tk nepes xeMnepaxypnyK) 
Aenpeeenio (AT/],), Koxopaa caMa aBjiaexca (JjynKpnefl coaecoAepacanna ocxaxoHHoro pacxBopa n 
xeMnepaxypti Rnnenna n Moacex Sbixb onpe;i:eaeHa na ocnoBannH [3]: 

TBn=TK-AT/i (22) 

KaK oxMenaaoeB BBinie, nepBHnnBifl nap ncnapnxeaa (jjopMnpyexea h 3 napa, noaynennoro b 
a6eop6epe, a xaxace b renepaxope npn xepMnnecKOM KOHpenxpnpoBaHHH pa36aBaeHHoro pacxBopa LiBr, 
npnneM paexo^ boashofo napa, noynaeMoro b renepaxope paaen pacxoAy napa aScopGnpoBanHoro panee 
- Diab. Hexoaa h 3 axoro AJia renepaxopa Moacno nanneaxB: 

Dnn = Diab + D 2 AB (23) 

Gq = Gp + Diab (24) 

Go ■ hp.LiBr + D/in ■ r^n = Gp ■ h^xiBr (25) 

rae Dan - paexoa aBnacynjero (rpeioniero) napa renepaxopa, xr/e; r^n - CKpBixaa xennoxa napooGpaaoBanna 
aBHacynjero napa, K^ac/xr. Moacex 6bixb paeennxana no (jjopMyjie (9), e ynexoM xoro, nxo: 

Tan = TK.LiBr + (3 - 5«C) (26) 

XeMnepaxypa xonpenxpnpoBanHfl paexBopa LiBr aBJiaexea (j)ynxn:Hefl xonpenxpaicHH LiBr n 
xeMnepaxypa naeximenna Boaanoro napa naa pacxBopoM - Tnn. IIpHBoanMBie b [3] xaGannnBie 
xaBncnMoexH TK.LiBr=f(SLiBr,Tnn) Moryx 6 bixb annpoxenMnpoBanBi ypaBnenneM perpeccnn: 

TK.LiBr=ao+arTnn (27) 

ao = -1819,6 ■ S^iBr + 2150,6 ■ Syer “ 631,37 (28) 

ai = 65,857 ■ SgjBr - 31,595 ■ SuBr + 20,26 (29) 


Pacnex noBepxnoexefl narpeaa nenapnxeaa n xonaencaxopa BBinoanaexea na ocnonannn ypaanenna 
xenjionepeaann, m^: 


F; = Qi/Ki ■ AT; 


(30) 


rae Qi - xenjiOBbie narpyaxn, xBx; AT] - xeMnepaxypnbie nanopbi, ncnapnxejia ATHC=Tnn-TK. 

xonaencaxopa AXxon - paccHHXBiBajicfl xax jiorapHcjjMHnecxaa paxnocxB xcMnepaxyp asyx cpea no 
H3BecxnBiM 4)opMyaaM. KoacJxjjnpnenxbi xenaonepeaann aJia ncnapnxeaa paccnnxBiBaancB no (JjopMyaaM, 
npeaJiaracMBiM b [3], xBx/(m^ ■‘^C): 

K„c=0,83(3+0,05(TK„n-60)) (31) 


/(aa xonaencaxopa ncnoabaoBano BBipaacenne: 

Kkoh = L6175 + 0,1537 ■ lO'^ ■ Ten + 0,1825 ■ 10-^ ■ Tin “ 8,026 ■ 10“^ ■ Tin (32) 

Bananne xaxnx 4)axxopoB, xax xpaxnocxB ynapnaanna yMarnennofl Boati (m) n xeMnepaxypa ee 
xnnenna b ncnapnxeae na npoaecc oGpaxoBanna naxnnn CaS04 Moacex 6bixb openeno no Bcananne 
cxenenn nacBimenna pacxBopa (K,%), paccnnxBiBaeMofl no (j)opMyae: 


48 



( 33 ) 


_ ^CaSca.n3-S04 Ss 04 .nn^^f// 10 ^ 

~ 215,13exp(-0,034TK) 

r;i;e Aca2+ h Asq2- - K03(|)(|)Hi];HeHTti, yHHxtiBaiomHe HanHHHe b Bo;i:e accopnaxoB, He ynacxByiomHx b 
HaKHneo6pa30BaHHH. CorjiacHo [9] Aca 2 += 0,84 h Ago^-= 0,77; f„ - KoacJxjjHpneHx aKXHBHocxn 
AByXBajICHXHblX HOHOB, paCCHHXblBaCMOH no (j)OpMyjie A(SBHCa; Sca,n H Sso^n ~ KOHpeHXpapHH 
cooxBexcxByiomHX hohob b nepMeaxe cxa^HH HanocjjHjibxpapHOHHoro yMarneHna, MOJib/;i;M^, 
paccHHXbiBaeMOH no nporpaMMe «ROSA». 

Bbime 6biJio oxMeneno, nxo OflHHM h 3 aocxohhcxb aOcopOpnonnbix xenjiOBbix nacocoB BBJiflexca 
B03M0acH0CXb Hcnojib30BaHHa B KanecxBC ABnacynjen aneprnH, kbk BOflanoro napa, xax n npo^yKXOB 
cropanna xonanaa aneprexnnecKHX ycxanoBKax. B axon CBaan Ooabmon nnxepec npe^cxaBaaex 
HcnoabBOBanne npo;i:yKXOB cropanna npninopcKHX ;i;H3eabHbix 3C MOAyJibnoro xnna (CanranaabCKHH n 
BaKHHCKHn). Kax naBecxno na CanranajibCKon A(3C ycxanoBaeno 18 MO^yaen n npo^yKXbi cropanna 12- 
XH MOflyaen c xcMnepaxypon 450^500°C BbiOpacbmaioxca b axMOCcjjcpy c cooxBCxcxByioniHM neraxHBHbiM 
SKoaornnecKHM acJxjjcKxoM. Coraacno pacnexam aBxopoB, npHBe;i:eHHbix b [10] ;i:aa peaen onpecnenna 
Moacex 6bixb yxnaHBHpoBano 6oaee 4 MBx xenaoBon aneprnn. Torpa KoannecxBo pncxnaaaxa, noaynacMoe 
3a cnex yrnanaapHn axoro xenaa cocxaanx, xr/c: 

Gyx = Qyx ■ 10^/(D/|n ' r^n) (34) 

Ilpn HCcaepoBanHH npHaepennon Mopean, b cooxbcxcxbhh c Mcxopnxon [3], pacxop onpecHCHHon 
Bopbi - Gp 6bia npnnax paBHbiM 1 xr/c, c BOXMoacnocxbio nepecnexa na nponaBoabnyio 
npoH 3 BopHxeabHocxb. CocxaB Bopbi Kacnnncxoro Mopa 6bia npnnax xapaxxepnbiM paa pernona «§imal- 
ES» (uT/m^): Sca=320; SMg= 728; SNa=3177; Sci=5034: Sso4=3264; Shco 3=244; pH=8,2. 

HccaepoBanna Mopean Obian npHBepenbi paa caepyromnx ycaoBnn: 

• xcMnepaxypa nnxaxeabnon Bopbi nocae xonpencaxopa na 5°C Mcnbuie xcMnepaxypbi xonpencapHn 
Bxopnnnoro napa; 

• xcMnepaxypa paxOaBaennoro pacxBOpa LiBr na 5°C 6oabme xcMnepaxypbi xanenna nnxaxeabnon 
Bopbi B a6cop6epe; 

• xcMnepaxypa nepBnnnoro napa ncnapnxeaa: 60^140°C c maroM lO^'C; 

• xcMnepaxypnbiH nanop ncnapnxeaa: 2^10°C c maroM 2°C; 

• cxenenb xonpenxpnpOBanna pacxBOpa b ncnapnxeae oxnocnxeabno yMarnennoH Bopbi: 2^10 c 
maroM 2; 

• xonpenxpapna LiBr b xonpenxpnpoBannoM pacxBope: 50^70% c maroM 10%. 

B xanecxBe ochobhbix Bbixopnbix noxaxaxeaeH 6bian npnnaxbi: 

- cxencHb nacbimenna ynapnaacMoro pacxBopa no cyab(j)axy xaabpna, KcaS 04 >‘^; 

-ypeabHbiH Bbixop pncxnaaaxa oxnocnxeabno ncnoabaycMoro pBH3xymero napa, xr/xr: 

4p=G^/D/(n (35) 

-cxencHb xoHBCpCHH, xapaxxepnayioniHH Bbixop pncxnaaaxa oxHOcnxeabHO nnxaxeabnon Bopbi 
ncnapnxeaa, %: 

Kx = 100 ■ / Gf]B (36) 

- ypeabHbiii pacxop aneprnn pBnacymero napa, x^lac/xr: 

g = (37) 
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- y^ejibHaa noBcpxHOCxb xenjiGoGMena, M^/(Kr/c): 

f = (Fhc + From)/(38) 

- yACJibHbie pacxoAM nHxaxejibHoii, yMaxHCHHOH, hcxoahoh, h oxnaac^^aiomeH bo^m kbk HacxHbie ox 
flCJiCHHa cooxBCxcxByiomHx pacxoflOB Ha G^, kf/kf; 

- xennoBBie BbiGpocbi c oxjiajK^iiaiomeH boaoh, Qox, kBx; 

- KOJIHHCCXBO flHCXHJiJiaxa, HOJiyqaeMoe sa cnex yxHJiHsapHH GpocoBOxo xenjia mo^jibhoh cxanpHH - y^. 

H Apyrne noKasaxejiH. 


06cyatneHHe pesyjibxaTOB HccjieAoeaHHH 

OflHH H3 paGoHHx jiHCxoB HpoxpaMMbi ROSA npHBe^CH Ha pHC 2. 3xa npoxpaMMa BecbMa 
HH(j)opMaxHBHaa, nocKOJibKy nosBOJiaex nojiynaxb CBe^enna no ninpoKOMy KJiaccy xexHOJiOFHHCCKHX 
noKasaxeneii: paoxo^aM hoxokob, BCJiHHHHe kohbcpchh, ocMoxHHecKOMy ;i;aBiieHHK), cxeMe BianoHCHHa 
MCMSpaHHbix Mo;i:yjieH, HHCJiy h BapnanxaM pasMemennio MCMSpan no Mo^yJiaM h npoHHM noKaaaxenaM. 



PhC. 2. PaGOHHH JIHCX KOMHblOXepHOH HpoxpaMMbi ROSA 


Pacnexbi no npoxpaMMc ROSA noKaaanH, nxo nanoiJiHiibxpapHOHHaa MCMSpana NF-90-400 
oGeCHCHHBaeX B03M05KH0CXb AOCXaXOHHO FJiySoKOFO yMaXHCHHa MOpCKOH BOAM (pHC.3): COAepacaHHC HOHOB 
KajibpHfl CHHacaexca ox 320 mx/^m^ b hcxo^hoh bo^c ^o 9^18 mf/^m^. OflHOBpeMenno flocxHxaexca, b 
cpe^HCM 30-KpaxHoe CHHaccHHC KonpenxpapHH cyjibijiax-HOHOB. HoaxoMy b oGjiacxn bbicokhx 3HaHeHHH 
xeMnepaxypbi KHnenna h KpaxHOCxH ynapHBaHHa pacxBopa na^eacHO pemaexca npoGjiCMa cyjibijiaxHOFO 
HaKHneo6pa30BaHHa. 06 3 xom xoBopnx xox (jiaKx, hxo cxenenb HacbiipcHHa ynapnaaeMoxo pacxBopa no 
cyjib(f)axy Kajibpna b yKaaanHon oGaacxn ne ;i;ocxHFaex 100% (pHc.4). Baacno oxmcxhxb, hxo BbicoKne 
xnaneHna KpaxHOCxn ynapHBanna (m) aBJiaioxca noKaaaxejiCM flOCXHacenna bbicokhx aHanennii cxenenn 
KOHBepcHH nnxaxejibHOH bo^bi ncnapnxejia b onpecnennyio BO^y - flo 90% n 6ojiee (pnc.S). 


50 

































a) 6) 

PhC. 3. BjIHAHHC BCJIHHHHbl KOHBCpCHH CXa^HH HO Ha OCTaXOHHyiO KOHLieHXpaLlHIO H KpaXHOCXb 
CHH5KeHHa KOHpeHxpapHH Ca^^(a) h S 04 “( 6 ): 1- Soct , 2- Kch. 


OaHHM H3 AOCXOHHCXB HaHOCjjHHbXpapHOHHOH HpC^IiOHHCXKH B03M05KH0CXb CHHaCCHHa, Hapa^^y C 

acecxKocxbK), b 3HaHHxejibHOH cxeneHH h cojieco;i:epacaHHe MopcKofi Bo;i:bi - ;i;o 1,8^2,9 HoaxoMy 

Aaace npn bbicokhx BHaneHMax xpaxHocxH ynapHBaHHa coaeco;i:epacaHHe KOHpenxpaxa He npeBbimaex 30 
Hxo Bbiro^HO B HJiane ^ocxHacenna hhbkhx BHaHCHHH xeMnepaxypHoii ^enpeccHH (pHC.5). 
CoFJiacHO peayjibxaxaM HCCJie^OBaHHa, BOBMoacHOCxb noBbimcHHa xeMnepaxypbi KHnenna h 
KpaxHOCXH ynapHBBHHa b ycjiOBHax oxcyxcxBHa onacHOCXH HaKHneoOpasoBaHHa cnocoOcxByex 
yayHuieHHK) BHepFexHnecKOH 3(|)(|)eKXHBHocxH npopecca: noBbimeHHio Bbixo^a ;i;HcxHaiiaxa ox 3-3,2 ;i;o 3,4- 
3,6 kf/kf ;i;BH5KymeFo napa h cooxBexcxByiomeMy cHHacennio yAeabHOMy pacxo^y xenaoBOH anepxHH, b 
cpe^HeM ox 700 ^o 510 K/],ac/KF noHyncHHOFO ^Hcxnaaaxa (pHC.6). 06e xaBHCHMOCXH no^HKHaioxca 
aHHCHHOMy 3aKOHy, npHHCM xcMnepaxypHbiH nanop OKaxbiBaex caa6oe BanaHHC na 3xh noKaaaxeaH. 
CHHJKCHHe yAcabHOFo pacxo;i:a xenaoBOH 3HepFHH oObacnaexca yMCHbrnenHeM cKpbixofl xenaoxbi 
napooOpaaoBaHHa c noBbimeHHeM xeMnepaxypbi napa. 



Phc.4. SaBHCHMocxb cxeneHH nacbimcHHa 
pacxBopa ox xeMnepaxypbi 
KHncHHa npH KpaxnocxH ynapHBaHHa 
m=4(l); 6(2); 8(3); 10(4) h (3=0,8 


Phc.5. SaBHCHMocxb cxeneHH 
KOHBepcHH H coaeco.ii:epacaHHa 
OCXaXOHHOFO paCXBOpa ox KpaXHOCXH 
ynapHBaHHa. 
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Phc. 6 . SaBHCHMOCTb Bbixofla flHCTHJiJiaxa h y^ejibHoro pacxo^a xenjia ox xeMnepaxypbi KHnenna h 
xeMnepaxypHoro nanopa: (3=0,8; m=8. 1(AT=2‘’C); 2{6^C); 3(10‘’C). 

noBbimcHHe KOHpeHxpapHH LiBr xanace cnocoOcxByex CHHaccHHio yflCJibHoro pacxo^a xenjia, 
npaKXHHCCKH HCsaBHCHMO OX OX xeMnepaxypbi Rnnenna (xaOjinpal) - bo bcom ^nanasone xeMnepaxyp 
HaOnioAaexca 10-12%-Hoe cHHacenne y^ejibHoro pacxo^a xenna, nxo xopomo cornacyexca c ;i;aHHbiMH [3] 
H oObacnaexca noaoacHxeabHon saBHCHMocxbio oHxaabnHH pacxBopa OpoMHcxoro anxna ox ero 
KOHpenxpapnn, xax oxo cae;i:yex ns (jiopMyabi (16). Hs oxon ace xaGanpbi cae.ii:yex, nxo noBbimenne 
KpaxHOCXH ynapnaanna xaxace cnoco6cxByex CHnacennio xeniiOBbix saxpax, no oxo BJinanne Menee 
Bbipaaceno n ne npeBbimaex 5%-ob. IlpHneM saMexnoe CHnacenne HMeex Mecxo Jinnib b oGnacxn snaneHnn 
m<6. 06bacHaexca xaxaa saBHCHMOcxb xeM, nxo c noBbimenneM m no o6paxHO nponoppHonaabnoMy 
saKony yMenbiuaexca pacxoA ocxaxonnoro pacxBopa, npo.ii:yBaeMoro h 3 ncnapnxeiia, cooxBexcxBenno - 
KOJinnecxBO xenjia oxbo^hmofo h 3 cncxeMbi. 

TaGjinpa 1 

Bjinanne KOHpenxpapHH pacxBopa LiBr n Kpaxnocxn ynapnaanna bo^bi na y.i],ejibHbiH pacxofl 
anepPHn (K/l,ac/Kr) npn paanbix xeMnepaxypax Rnnenna (AT=5‘^C) 


TeMnepaxypa 
Rnnenna, *^0 

SLiBr, npn m = 6 

0,5 

0,6 

0,7 

m, npn SLiBr=0,7 

2 

6 

10 

60 

747/775 

721/747 

688/745 

80 

704/731 

677/704 

643/703 

100 

663/688 

635/663 

599/661 

120 

622/646 

594/622 

557/621 

140 

582/605 

552/582 

516/581 


ripHMeHaHHe: ancanxeab - g=f(SLiBr), SHaMeHaxeab g=f(m). 
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Bbime 6biJio noKasano, hto b oGbihhbix OflHOCxyneHHaxbix CHCxcMax onpecnenHa (6e3 xenaoBoro 
nacoca) yfleabHbiH pacxo^ xenaa npH xeMnepaxype KHnenna lOO^’C cocxaBaaex OKoao 2200 K/],ac/Kr. TaKHM 
oOpaaoM, B paccMaxpHBaeMOM cayaae ocnoBHaa aacxb xenaa (60^70%) BbipaOaxbiBaexca nocpeAcxBOM 
ABTH. IIpH 3 XOM, aeM Bbime xeMnepaxypa KHneniia, xeM HHace aHeprexHaecKHe aaxpaxbi. IIoaxoMy 
peaecooOpasHo opranHsoBaxb npopecc xepMHaecKOH ;i;HcxHaaai];HH b oOaacxH xeMnepaxyp 120^1 3 O'^C. Hxo 
Kacaexca BcaHHHHbi KpaxHOCXH ynapaBanna, xo ee Moacno npnnaxb 6^8. 

XeMnepaxypa Rnnenna OKasbiBaex cymecxaennoe Bananne na Beananny xenaGoOMennon 
noBepxHocxH. C noBbimenneM xeMnepaxypbi ox 60‘^C no 140*^0 cyMMapnaa noBepxnocxb narpeBa 
Hcnapnxeaa n Kon^encaxopa cmnKaexca noaxn b 3 pasa (pnc. 9). Ilpn 3xom ao 80%-ob xenaooOMeHHon 
noBepxHocxH npnxoAHxca na Aoaio ncnapnxeaa (pnc. 10). HpimeM, 3 x 0 Bananne saMexno ocaaOeBaex b 
oOaacxn Tk>120°C. XaKaa saKonoMepnocxb o6x>acHaexca noBbimenneM K03(j)(j3nLi;neHxa xenaonepe.i],aHn c 
yBeanaenneM xeMnepaxypbi Knnenna. Coraacno pesyabxaxaM pacaexoB b nccae^nyeMOM xeMnepaxypnoM 
Ananaaone, na-aa nnxencniJinKapnn npopeccoB, K03(|)(|)nii;neHX xenaonepe^aan yBeananaaexca ox 2,2 .ii;o 
5,5 kBx/(m^-‘^C). 

XaKnM oOpaaoM, BbicoKOxeMnepaxypnoe onpecnenne bbifooto ne xoabKO c xoaxn apenna 
cnniKenna aneprexnaecKnx, no n KannxaabHbix aaxpax. J\nsL 6oaee cxpororo onpe^eaenna nanOoaee 
Bbiro.ii:Hbix anaaennii xeMnepaxypbi Knnenna n Kpaxnocxn ynapnaanna Heo6xo.ii:nMbi onxnMnaapnonnbie 
pacaexbi no xaxoMy Kpnxepnio, KaK ceOecxonMocxb AHCxnaaaxa. 



Pnc.9. SaBncnMocxb y.ii;eabHOH 
noBepxnocxn narpena ox xeMnepaxypbi 
Knnenna npn xeMnepaxypnbix nanopax 
2°C(1); 4°C(2); 6°C(3); 8°C(4); 
100C(5); m=8. 


Pnc.lO.Cooxnomenna MeiKj^y 
yAeabHbiMn noBepxnocxaMn narpena 
ncnapnxeaa (1) n Kon^encaxopa (2), 
m=8, AT=6 °C 

1 ■ fncnj 2 - fKOH 


O^nnM na BaiKnbix noKaaaxeaen npopecca onpecnenna aBaaexca y.ii;eabnbiH pacxoA onpecnaeMon. 
KaK cae.ii:yex na cooxBcxcxByiomnx xpaiJinKOB (pnc. 11) y^eabnbin pacxo. 11 : Kaac.ii;oro na noxoKOB (MopcKon 
BOAM, nepMcaxa n oxaa5K.ii:aioiu;eH bo^bi) cnniKaexca Ooaee acM b xpn paaa c noBbimenncM xeMnepaxypbi 
Knnenna, cooxBCxcxBenno cnnacaioxca aneprexnaecKne saxpaxbi na npoKaany BO.ii,bi. 3xo xaKace .ii;eaaex 
6oaee Bbiro.ii,noH paOoxy b oOaacxn BbicoKnx xeMnepaxyp. 

Bbime B KaaecxBC ocnoBnbix .ii,ocxonHCXB aOcopOpnonnbix nacocoB, nnxerpnpOBannbix b cncxcMy 
xepMnaecKoro onpecnenna 6biaa oxMeaena BoaMoacnocxb ncnoabaoBanna b KaaecxBC .z^BmKymen aneprnn 
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AJifl KOHLieHTpHpoBaHHa pacTBopa LiBr b renepaxope KaK BO^aHoro napa h3 KOxejibHbix hjih ox6opoB 
xyp6HH, xaK h npo^yKXOB cropanHa xonjiHBa b pasjiHHHbix aneprexHHecKHX ycxanoBKax. 

B 3XOH cBasH Hacxb Hccae;i:oBaHHH 6bijia BbinoaHCHa Hcxo^a h 3 B03MoacHocxH yxHaH3ai]:HH 
6pocoBoro xenaa o^hofo m Mo^yaefl CaHranaiibCKOH ;i;H 3 eabHOH aaeKxpocxanpHH (Cfl3C) b bh^c 
npo;i:yKxoB cropaHHa c xeMnepaxypofi SOO'^C b KoaHHecxBe 4 MBx. Kax noKaaajiH pacnexbi, nocpe;i:cxBOM 
yxHaHaapHH axoro xenaa Moacex 6bixb oGecnenena Bbipa6oxKa onpecnenHOH boabi ox 5,5 7,8 kf/c c 

nyacBOH xenaoBon cocxaBaaionien ce6ecxoHMOCXH. Ilpn 3 xom onpe^eaenHoe Bananne na KoanaecxBO 
noaynaeMOFo ^ncxnaaaxa OKaxbiBaex xeMnepaxypa KHnenna Bo;i:bi b ncnapnxeae n ;i;ocxaxoHHo caa6oe 
Bananne xeMnepaxypnbin nanop, a xaicace Kpaxnocxb ynapHaanna: c yBeannenneM xeMnepaxypbi KHnenna 
Bbipa6oxKa ;i;HcxHaaaxa noBbimaexca na 30^35%. 



Pnc.l 1. SaBHCHMocxb yAeabnoxo pacxo^a MopcKon bo^bi, nepmeaxa n oxaa5K;]:aK)ni;eH boam ox 
xeMnepaxypbi KHnenna: m=8, AT=5‘’C; 1 - cImb, 2 - dnep, 3 - dox 
B nacxoamee BpeMa Moacex 6bixb yrnananpoBano dpocoBoe xenao 12-xh MO^yaen C^3C, n 3a cnex 
3XOFO, B cpe^neM, nponaBe^eno ^o 7 xbic.x/cyx ^emeBon onpecnennon bo^bi, Koxopon 6y^ex ^ocxaxonno 
Aaa odecnenenna bo;i:oh Kpynnoxo naceaennoxo nynKxa c naceaenneM doaee 30 xbic. neaoBeK npn 
coBpeMeHHOH cyxoHHOH HopMe 200 anxpoB na neaoBeKa. 

Cae^yex oxMexnxb, nxo b xnnoBbix npoeKxax MOflyabHbix oaeKxpocxanLiHH npeflycMOxpena 
yxHaH3an:Ha xenaa, no, KaK npaanao, ^aa peaen xenaocnadacenna. Bbidpoc cxoab doabinoxo KoannecxBa 
xenaa na OKcnayaxnpyeMbix b pecnydanKe MopyabHbix oaeKxpocxanpnH odycaoBaen oxcyxcxBneM 
xenaoBOH naipyaKn. Bnoane oneBHpno, nxo c ynexoM peFHonaabHbix ocodennocxen, noBoe noKoaenne 
MopyabHbix oaeKxpocxanpHH Moacex dbixb nanaHaabHo aanpoeKxnpoBano h 3 pacnexa ncnoabaoBanHa xenaa 
npopyKXOB CFopanna paa peaen onpecnenna, b xom nncae npn HHxeFpnpoBaHHH c AETH. 

Anaana nccaeayeMon xexnoaoFHHecKon cxeMbi noKaabiBaex, nxo ns cncxeMbi c oxaaacpaioipeH 
BopoH oxBopnxca anaanxeabnoe KoanaecxBo xenaa (Qox): ox 890 po 1280 kBx h doabinon nnxepec 
npepcxaBaaex ee yinanaapHa. Coxaacno peayabxaxaM pacaexoB Kpaxnocxb ynapnaanna npaKxnaecKn ne 
Banaex na Qox, a c yBeanaenneM xeMnepaxypbi KHnenna Beananna 3xofo noKaaaxeaa, a xaKace pacxop 
oxaaacpaioipeH Bopbi (Gox) - cnnacaioxca (cm. xadanpy 2). Hmccx mccxo xaKace noBbimenne xeMnepaxypbi 
Bopbi na Bxope (tex) n Bbixope (Ibbix) Konpencaxopa, a xaxace cnnacenne KoanaecxBa xenaa, nopBepennoxo 
c pBH5KyipHM napoM. TaKoe Bananne xeMnepaxypbi KHnenna na Qox h Q^n odbacnaexca c xeM, axo c 
noBbimenneM xeMnepaxypbi KHnenna yMenbinaexca CKpbixaa xenaoxa napoodpaaoBanna BxopnanoFO napa 
[11], a xaicace onxaabnna KOHpenxpnpoBaHHOFo b xenepaxope pacxBopa LiBr (cm. (jiopMyay 16). 
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Ta6jiHiia 2 


OparMCHT BbiHHCJiHxejibHoro SKcnepHMeHxa 


Tkhh, °C 

Ibx, °C 

Ibbix, °C 

Gox, kf/c 

Qox ,kBx 

Qan ,kBx 

60 

26 

55 

5,59 

1290 

865 

80 

35 

75 

3,49 

1090 

642 

100 

45 

95 

2,49 

990 

598 

120 

57 

115 

1,91 

915 

556 

140 

73 

135 

1,53 

865 

515 


flua yxHjiHsapHH xenna oxnaac^^aiomeH Bo^bi npcAJiaraexca ycxanoBKa MOAyna MCMSpaHHOH 
^HcxHjiiiapHH Ha 3XOH HHHHH. CymHocxb onpecHCHHa Mexo;i:oM MCMSpaHHOH ;i;HcxHiijiau;HH saKjHOHaexca b 
XOM, HXO FOpflHHH BOflHblH paCXBOp KOHXBKXHpyeX C O^HOH CXOpOHbl C FH^pOCjjoGHOH MHKpOHOpHCXOH 
MCMGpaHOH, nepes nopbi npoHCxo^Hx HcnapcHHC napoB bo^bi c nocjiCAyiomeH KOH^eHcapHeii na 
npoxHBonojioacHOH cxopoHe nocpeAcxBOM oxjiaac^ieHHOFo nepMeaxa hjih ^pyFHM chocoSom [12], 
/^BHacymefica chhoh npopecca aBaaexca pasHocxb AaBaeHHH no o6e cxopoHbi MemSpanbi, oSycaoBaennaa 
pasHOCxbK) xcMnepaxyp. K ochobhbim flocxoHHCXBaM Mcxo^a oxHOcaxca: ocymecxBacHHe npopecca npH 
o6biHHOM flaBacHHH H xcMncpaxypax (55^95°C), BbicoKaa cxenenb ohhcxkh onpecHCHHOH boabi 
( nepMcaxa). Ochobhoh He^ocxaxoK, no cpaBnennio c Apyrnmn MeMGpannbiMH xexnoaoFHaMH - bbicokhc 
anepFexHnecKHe saxpaxbi (no 40 kBxh/m^). IIoaxoMy ona penxaOeabHa npn ncnoabsoBannH 
BosoOnoBaaeMbix hcxohhhkob anepann nan OpocoBOFo xenaa, nanpnMep, c oxaaac/iaion^en bo;i:oh, Kax 
npe^aaxaexca b paccMaxpnBacMOM caynae. 

Hccae^OBanne 3(j3(j)eKXHBHOCXH fh6phahoh chcxcmbi onpecnenna MopcKon bo^bi na ochobc Mexo^a 
MCMOpannoH ^HCxnaaapHH n xepMnnecKon flHCxnaaapnn c HHxeFpnpoBanHeM AETH aBaaexca npe^MCxoM 
OyAymnx Hccae;i:oBaHHH aaxopoB. BMecxe c xcm, no peayabxaxam npeABapnxeabHBix pacnexoB Moacno 
KoncxaxnpoBaxB, nxo h3 oxboahmoh oxaaac^aion^eH boabi KOH^encaxopa ^aace npn Beananne KonBepcnn 
10% Moacex 6bixb noayneno ^o 0,2 kf/c flonoannxeabHOFO KoannecxBa flncxnaaaxa, x.e. 
npoH3BO^HxeaBHOCXB ycxanoBKH -noBBimena na 20% , c cooxBexcxByiomnM cnnacenneM y^eabnoFO 
pacxoAa xenaa. 

Oahh h3 BapnanxoB cxcmbi noAKaioneHna Mo^yaa MemOpaHHon .z^Hcxnaaapnn c nepmeaxHBiM 
KonxaKXHBiM caoem npnBeAen na pHc.l2. 



Pnc.lO. CxeMa no.i],KaioneHHa MO.i];yaa MeMOpannon flHCxnaaapnn k jihhuh oxaaac.i],aK)n];eH bo.i],bi 
1 - Konaencaxop; 2 - annaa oxaaacaaromefl boabi; 3 - aanna CMeiunBanna; 4 - MoayaB MeMOpannon ancxnaaanHH; 
5 - MCMOpana; 6 - oxaaacaeHnaa Boaa; 7 - xenaooOMennHK; 8 - nnpKyaannoHHBra nacoc; 9 - ancxnaaax (nepMeax); 
10 - c6poc oxaaacaaioiaeH boabi; 11 - nacoc ocBexaennon MopcKon boabi. 
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CorjiacHO stoh cxcmbi oxnaac^aiomaa BO^bi (2) nocjie KOH^eHcaxopa CMeniHBaexca c Hacxbio 
nepMcaxa (3) ana oGecneneHiia pa6oHeH xeMnepaxypbi <95 °C h k hch noflKJiiOHaexca MO^ynb MCMGpaHHoii 
^HcxHjijiapHH (4). B peayjibxaxe HcnapeHHa nacxH Bo;i:bi nepea MeiviSpaHy npoHcxo^Hx cHHaceHHe 
xeMnepaxypbi boabi AO 30^35 °C h neKoxopoe noBbimenna ero cojieco;i:epacaHHa. npome;i:mHe nepes 
MeMSpany MoneKyjibi Bo;i:bi KOH^^encnpyioxca oxjiaac;];eHHbiM b xenjiooGMenHHKe (7) nepMeaxoM. Hacxb 
nepMeaxa (9) oxBO^nxca b KanecxBe iiejieBoro npo^yKxa, ocxajibnaa nacxb pepnpKyjiHpyexca b MO^yiib 
MeMSpannoH ;i;HCXHjijiai];HH. 


BWBOAM 

1. TexHOJiorna o;i:HocxyneHHaxoro xepMHnecKoro onpecHenna npe;i:cxaBaaK)x Soabinon nnxepec AJia 
cexMenxa ycxanoBOK neGoabinon npoHSBOAHxeabHocxn (200^1500 M^/cyx) c peabio 
flepeHxpaaHSHpoBaHHoro BOflocHaGacenna ox^eabHbix noxpeGnxeaen. OAnaKO, axa xexHoaorna 
xapaKxepHsyioxca hhskoh aijajieKXHBHOCxbK) na-aa bbicokhx xenaoBbix aaxpax n KannxajioeMKOCxn. 
HHxerpHpOBanne a6cop6iiHOHHbix xenaoBbix nacocoB b axn cncxeMbi noaBoaaex cymecxBenno noBbicnxb 
aneprexHaecKyio aijajieKXHBHocxb xexnoaoxHH. ycxanoBaeno, axo npn axoM yAeabHbin pacxoA xenaoBon 
aneprHH CHnacaexca na 60^70% no cpaBHennio c oSbianon xexHoaornen. 

2. npeflBapHxeabHoe nanoijiHabxpaiiHOHHoe yMaraenne MopcKon bo^bi noaBoaaex ncKaiOHHXb onacnocxb 
Bbina^enna naKHnn CaS 04 n nyxeM oprannaaLCHH npopecca xepMnaecKon AHCxnaaapnH b o6aacxH 6oaee 
BbicoKHX xeMnepaxyp (120^130*^0), a xaicace KpaxHocxen ynapnaanna (6^8) oOecneanxb BbicoKne anaaenna 
cxenenn KonBepcnn ^Hcxnaaaxa oxHocnxeabno nnxaxeabnon Bo;i:bi (;i;o 90%), cymecxBenHO cnnaHXb ne 
xoabKo y;i;eabHbiH pacxo^ xenaa, no n, npnMepno b 2 paaa, yAeabnyio noBepxnocxb narpeBa, 
cooxBexcxBenno - KannxaabHbie aaxpaxbi. Boaee cxporoe onpe^eaenne nanOoaee Bbiro^nbix ycaoBnil 
oprannaapHn npopecca xepMnaecKoro onpecnenna Moacex 6bixb npoBe^eno na ocnoBannH 
onxHMHaapnoHHbix pacaexoB no xaxoMy KpHxepnio, xax ceOecxoHMocxb nan y;i;eabHbie npnBeAennbie 
aaxpaxbi onpecnennon Bo;i:bi. 

3. Boabiuon nnxepec npe;i:cxaBaaex ncnoabaoBanne npoAyKxoB cropanna AHaeabHbix aaeKxpocxanpnn 
MOflyabHoro xnna b xaaecxBe ^Bnacymen aneppHn a6cop6n:HOHHoro xenaoBoro nacoca. Ha npHMcpe 
CanraaaabCKOH cxaniinn noKaaano, axo yxnanaaiiHa OpocoBoro xenaa 12-xh MO^yaen noanoanx 
oOecneanxb BbipaOoxxy flo 7 xbic. M^/cyxKH flemeBoro flncxnaaaxa, OOTOBpeMenno ncKaioanx 
aKoaornaecKHH yipepO, HanocHMbin oKpyacaiomen cpcAe. 

4. B paaBHxne nacxoamnx nccacAOBannH npe^cxaBaaex Ooabmon nnxepec paapaOoxKa rn6pn;i;noH 
cncxcMbi onpecnenna, ocHOBannon na aOcopOpnonnoM xepMnaecKOM onpecnennn c yxnanaaLcnen xenaa 
oxaaacflaiomen bo^bi mcxo^om MeMOpannon flncxnaaan:nn. 
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XULASa 

Absorbsiya istilik nasosu - daniz suyunun termiki $irinla§dirma texnologiyasmin samaraliliyinin 

artirilmasi vasitasi kimi 


C.A.Ohmadova, M.M.Agamaliyev, R.H.Mammadbayova 
Azarbaycan Dovlat Neft va Sanaye Universiteti 

§irin suyun 9 ati§mazhgi daniz sularmm §irinb§dirilmasini aktualla§dmr. Mdveud §irinb§dirma 
texnologiyalan yiiksak xarcbrb xarakteriza olunur, xiisusan termiki §irinb§dirm3 texnologiyasi. Maqabda 
Xazar danizi suyunun misahnda, LiBr-lu absorbsiya istilik nasosunun termiki §irinb§dirma sistemina 
qo§ulmasmm, ebcada distillyasuya prosesinin 54iksak qaynama temperaturu va buxalanma misli §araitinda 
apanlmasmm §irinb§dirma prosesinin samaraliliyina tasiri masabbrina baxihr. Yaranan CaS 04 arpinin 
qar§ismm almmasi iigiin daniz su}amun onca nanosiizulma iisulu ib yum§aldilmasi taklif olunur. 

Sistemin riyazi modeli gatirilir va onun kompiiter simulyasiyasmm naticabri tahlil edilir. 
Osaslandirihr ki, adi §irinla§dirma texnologiyasma nisbatan, absorbsiya istilik nasosunun istifada edilmasi 
istilik sarfini 60-r70% , xiisusi istilik mubadib sathini 2 dafayadak azaldir. Bunun U 9 un termiki distillyasiya 
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prosesini 120-^130°C vs buxarlanma mislinin 8-^10 qi3aii3tbrinds apanlmasi tsklif olunur. Ssnqa 9 al dizel 
elektrik stansiyanm misalmda gostsrilir ki, hal-hazirda istismar edibn dsnizksnan modul tipli elektrik 
stansiyalarmm tullanti istiliyinin istifadssi ib ki 9 ik xsrcb distillyatm almmasi tsmin oluna bibr, eyni 
zamanda straf miihitin istilik 9irkl9nm9si aradan qaldirilar. 

A9ar sozbr: termiki ^irinls^dirms; absorbsiya istilik nasosu; kombinsb^dirms; nanosiizulmsli 
yum§aldilma; effektivliyin artirilmasi. 


ABSTRACT 

Absorption heat pump - as means of increasing efficiency of seawater thermal desalination 

technology 

J.A.Ahmadova, M.M.Agamaliyev, R.H.Mammadbayova 
Azerbaijan State Oil and Industry University 

Deficiency of fresh water makes desalination of sea water relevant. Existing desalination technologies 
are highly expensive, especially thermal desalination technology. In the article, on the example of Caspian 
Sea water, issues of thermal desalination process efficiency increase by integration of LiBr absorption heat 
pump into the system, as well as organization of distillation process in the field of high temperatures and 
evaporation multiples are considered. The emerging problem of CaS 04 scale prevention is proposed to be 
solved by pre-filtration nanofiltration softening. 

The mathematical model of the system and results of computer simulation of this model are given. 
The possibility of reduction of thermal expenses by 60^70 % and specific surface of heating up to 2 times in 
comparison with usual technology of thermal desalting is grounded. For this purpose thermal distillation 
process is proposed to be carried out in the area of boiling temperatures 120-^1 SO'^C, evaporation multiples 
8-rlO. By the example of Sangachal diesel power station it is shown that by utilization of waste heat of the 
station it is possible to obtain cheap distillate and protect the environment from thermal pollution. 

Keywords: thermal desalination; absorption heat pump; integration; nanofiltration softening; 
efficiency improvement. 


IfocBamaeTca lOO-HCMy lobHJieio AsepbaiiflacaHCKoro 
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MANCANAQ D0ZGAHI QURGUSUNUN ELEMENTL0RtND0 GED0N DINAMlKi V0 

ENERGEXiK PROSESL0RiN T0DQiQL 

0KB0ROV Y.S. 

Azsrbaycan Dovlst Neft vs Ssnaye Universiteti. 

Mobil: +994503536655, e-mail vasar akberov@inbox.ru 

XULAS0 

Mancanaq dszgahi qurgusunun elementbrinds gedsn dinamiki vs energetik proseslsrin tsdqiqi u 9 un 
asinxron muhsrrikli elektrik intiqalmm riyazi modells§dirilmssi ara§dinlmi§dir. Asinxron muhsrriklsrinin 
idarsetms metodlari muasir tezlik 9 eviricilsrinin tskmills§dirilmssins gors daha da intensiv inki§af yolunu 
tapmaqdadir. Bu idarsetms metodlarmin ne 9 s vaxtdir movcud olmasma baxmayaraq onlarm daima 
tskmills§dirilmssi vs miixtslif paketlsrds modells§dirilmssi tslsb olunur. 

A9ar sozlsr: Mancanaq dszgahi, asinxron miihsrrikl, elektrik intiqali, tezlik 9 eviricisi 

AHHOTAI^HR 

HCCJIE^OBAHHH ^HHAMHKH H 3HEPrETHHECKHX HPOI^ECCOB B 3JIEMEHTAX 

CTAHKA KAHAJIKH 

Hccjie;i:oBaHHa AHHaMHnecKHx h oHeprexHnecKHx npou;eccoB b ojieMeHxax cxanKa KanaiiKH Gtino 
npoBCflCHO MaxcMaxH+ecKoe MOflejinpOBaHHe acHHxpoHHoro ^BHraxena ojieKxponpHBO^a. Cnoco6bi 
ynpaBJiCHHa acHHxpOHHbiMH ^BHraxenaMH naxo^ax Bce 6ojiee HHxcHCHBHoe pasBHxne b CBasn c 
coBepmeHoxBOBaHHCM coBpeMCHHbix npeoSpaaoBaxejiefl nacxoxbi. Xoxa oxh mcxoabi ynpaBjicHna 
cymecxByiox yace ;i:aBHo, hx Heo6xo;i:HMo nocxoanHo ynynmaxb h MOAejinpoBaxb b pasiiHHHbix naKexax. 

KjiioHeBbie cjioBa: cxanKa KanajiKa, acHHxpoHHbiii flBnraxejib, ojieKxponpnBO^, npeobpasoBaxejib 

nacxoxbi 


ABSTRACT 

RESEARCH OF DYNAMICS AND ENERGY PROCESSES IN THE ELEMENTS OF THE 

ROCKER MACHINE 

To study the dynamic and energy processes in the elements of the rocker machine, mathematical modeling 
of the asynchronous motor of the electric drive was carried out. Methods for controlling asynchronous motors 
are increasingly being developed in connection with the improvement of modern frequency converters. 
Although these management techniques have been around for a long time, they need to be continually 
improved and modeled in various packages. 

Key words: rocking machine, as 3 Xichronous motor, electric drive, frequency converter 
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GiRi§ 

Mancanaq dazgahi qurgusunun elementbrinds gedsn dinamiki vs energetik prosesbrin tsdqiqi u 9 un 
elektrik intiqali - mancanaq dszgahi (EI-MD) sisteminin riyazi modelb^dirilmssini ara§dirmaq lazimdir [4], 

Son ilbrds giic elektronikasi vs mikroprosessor texnikasmm inki§afi ib dsyi§sn csrsyan elektrik 
intiqallan daha 90 X inki§af etmsys ba§ladi. Tezlikb tsnzimbnsn elektrik intiqallari (TTEi) 90 X baha olduq- 
larina gbrs, onlari son 10-15 ib qsdsr tstbiq etmsk ssrf etmirdi. Hal hazirda q.q.rotorlu asinxron miihsrriklsri 
etibarlihgma vs sads konstruksiyaya malik olmalanna gors istehsalatm biitiin sahsbrinds istifads olunur. 
Asinxron miihsrrikbrinin idarsetms metodlari muasir tezlik 9 eviricibrinin tskmilb§dirilmssins gors daha 
da intensiv inki§af yolunu tapmaqdadir. Miixtslif idarsetms metodlannm tstbiq olunmasmdan asili olaraq 
elektrik intiqallan enerji tslabatma, dinamikasma, diapazonuna vs tsnzimolma dsqiqliyins gors miixtslif 
xiisusiyystli olurlar. Bu idarsetms metodlarmm ne 9 s vaxtdir moveud olmasma baxmayaraq onlarm daima 
tskmilb§dirilmssi vs miixtslif paketbrds modelb§dirilmssi tsbb olunur. Biitiin bunlari nszsrs alaraq 
asinxron muhhsrrikin Matlab/Simulink proqrammda modelb§dirilmssi vs asinxron muhsrrik- mancanaq 
dszgahi sisteminds gedsn dinamiki vs energetik prosesbr tsdqiq edilmssi qar§iya msqssd qoyulmu§dur. 

Asynchronous Machine blokunda asinxron miihsrrikini hsm generator vs hsm ds miihsrrik rejiminds 
modelb§dirmsk miimkiindiir. Miihsrrikin elektromaqnit momentinin i§arssins gbrs i§ rejimi tsyin olunur [1, 
2 ]. 

A, B, C portlari muhsrrikin stator dolaqlarmm 9 ixi§larmi, -i§arssi miiqavimst momentinin 91 x 15 ml 
gbstsrir. Muhsrrikin “m” portunda iss vektor siqnallan formala^ir ki, bu da 21 dementi oziinds csmb^dirir: 
rotorun vs statorun hsrskstsiz vs firlanan koordinat sistembrds esrsyan, sel, gsrginlikbri, elektromaqnit 
momenti, firlanan vahn bucaq tezliyini, onun bucaq vsziyystini vs s. Muhsrrikin ksmiyystbrini Sim Power 
Sistems kitabxanasmda tshlil etmsk U 9 un Machines Measurement Demux blokundan istifads olunur. 
Asinxron muhsrrikin modeli onun elektrik hissssinin vs mexaniki hissssinin modelbrini oziinds csmb§dirs 
bilir. Muhsrrikin buttin elektrik dsyi^snbri vs parametrbri onun statoruna gstirilir. Muhsrrikin elektrik 
hissssinin ilkin tsnlikbri iki fazh (d-q oxlannda) koordinat sisteminds yazihr.[2, 4] 

Muhsrrikin parametrbrini hesablamaq U 9 un ilkin veribnlsr a§agidakilardir: 

Pfi =4kw - nominal giic; 

=380v - nominal xstti gsrginlik; 

/i =50hs - §sbsks tezliyi; 

rifi =1440dbvr\dsq - vahn nominal firlanan bucaq tezliyi; 

P =2 - ciit qutblsr sayi; 

?7 =85,5% - f.i.s.; 

Cos(p =0,84; 

In =8,5A - statorun nominal csrsyam; 

ki j = 6,5 - i§sburaxma esrsyanmm dsfsliyi; 

mil, = = 2,2 - i§sburaxma momentinin dsfsliyi; 

= 2,9 - maksimal momentin dsfsliyi; 

J = 0,0103 kqm^ - stabt momenti; 

Muhsrrikin parametrbrinin hesabatim a^agidaki kimi hesablaya bibrik. 

Dolaqlarm “ulduz” birb^mssi zamani nominal faza gsrginliyi beb hesablamr: 


Un _ 380 _ 380 


219,63 V 
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Maqnit sahssinin firlanma tezliyi (sinxron firlanma tezliyi) beb hesablanir: 


ni = 


60/i 60 • 50 3000 


Nominal siiru^mo: 


p 2 2 

rii — n„ 1500 — 1440 60 


= 1500 


/dag' 


ni 


1500 


1500 


= 0,046 o. e 


Kritik surii^mo: 


^kr ' {j^max 3" V ^max 0,046 • (2,9 + ■\J 2,9^ 1 

= 0,04 • (2,9 + 2,72) = 0,046 • 13,01 = 0,6 o. e 


Maqnit sahosinin firlanman bucaq tezliyi (sinxron tezlik) beb tapihr: 

2 ^^ 2 . 3 . 14 . 50 ^ 1 ^ 7 ,„, 
p 2 


Valm firlanan nominal bucaq tezliyi: 

nrifi 3,14 • 1440 
“ 2 


= 149,73 


Nominal moment: 


Maksimal moment: 


_ Pn _ 4000 
“ 149,73 


= 26,71 N -m 


Mmax = ^max ' = 2,9 • 26,71 = 77,46 N • m 


i§3buraxma moment: 

Mi iy = mil) ■ = 2,2 • 26,71 = 58,76 N • m 

Mexaniki itkibr: 

Pjnex = (0,01 ^ 0,05)P„ = 0,05 • 4000 = 200 vt 


Hesabi omsal C=(l,01+1,05) araligmda olmalidir. 
Rotorun aktiv miiqavimoti: 


1 + Pmex 1 4000 + 200 1 4200 4200 

“ STTTES ~ 3 07 1-0,0^ “ 3 81 • 20,74 “ 5039,8 “ 
Sn 0,046 


Statorun aktiv miiqavimoti: 


_Ucos(pil-r]) 


219,63 • 0,84 • (1 - 0,855) 


L 


3 • 

•J Jyv 


, 200 184,49 • 0,145 200 

- 1 , 052 . 0^83 _ ^^-;L,1 • 0,83 - —- = = 2,97 - 0,91 - 0,82 


3-92 9 

= 2,97 - 1,73 = 1,24 Om 


243 
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Statorun vs rotoran sspsbnms induktivliyi: 


L 


sr 


u 

~ 47r/i(l + C2 )/ci4 

219,63 


628 • 2,1 •6,5-9 


219,63 

4 • 3,14 • 50 • (1 + 1,052) • 6,59 


219,63 

77149,8 


0,0028 Om 


Statorun induktiv miiqavimsti: 


^•5 = 


u 


— cos^q) — 


2 '^'^fi^max 


pU S^r 


219,63 


2 • 3 14 • 50 • 9 h - (0 84)2 _ 2 2 • 3,14 • 50 • 77,46 0,046 
z su y li 2 2-219,63 0,6 


219,63 


219,63 


,,, 2 24322,4 0,046 ,,,, 2237,66 

2826 • 0,54 3 • 439 25 ‘ 0,6 790,66 


219,63 


219,63 


1526 - 2,83 1523,17 


= 0,144 Om 


Maqnitlsnms dovrssinin induktivliyi: 


Ls = L-Lsp = 0,144 - 0,0028 = 0,141 Om 


Hesabi smsali a§agidaki kimi tsyin eds bilsrik: 

Lsp 0,0028 

Ci = l + -^=1+ = 1,019 

Lyyi 0,141 

Cl - in qiymsti C=(l,01^1,05) araligmdadir, ona gors ds bn parametrin qiymsti qsbul olunandir. 

Muhsrrikin yuxandaki parametrbrini hesabladiqdan sonra MatlabVSimulinkds onun birba§a 
i^sburaxma modelini qura bibrik (§ 9 k.l). Burada asinxron miihsrrik olaraq Asynchronous Machine Si Units 
bloku AC voltage Sourece 3 fazli gsginlik msnbsyindsn qidalanir. Sxemds gedsn biitiin prosesbrs nszarst 
etmsk U 9 un Continuous powergul blokundan istifads olunur. Elektromaqnit momentin qiymstbrini 
tsnzimbmsk u§un Step bloku, muhsrriks veribn gsrginliyin qiymstins nszarst etmsk, yaxud onu ekranda 
gbrmsk u 9 un iss Voltage Measurement vs Scope 1 bloklan tstbiq olunmu§dur. Asinxron muhhsrrikinin stator 
csrsyanmm, rotor csrsyanmm, surstinin, elektromaqnit momentinin qiymstbrinin tsnzim olunmasi vs 
qrafiklsrinin almmasi U 9 un Demux vs Skope bloklarmdan istifads olunmu§dur. 

Muhsrrikin mexaniki xarakteristikasmm qrafikini almaq u 9 un slavs XY Graph blokunun tstbiqi tsbb 
olunur (§sk.l, 2). Yiiku artirdiqdan sonra iss muhsrrikin dinamiki mexaniki xarakteristikasmm, valm firlanan 
bucaq tezliyinin vs elektromaqnit momentinin syribrini ahnaq olar (§sk. 2, 3). 
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pov^ergui 


§3k. 1. AM - nin Matlab/Simulinkds buraxma sxemi. 



§ 9 k. 2. AM-in elektromaqnit moment qrafiki. 


64 


















































































§3k. 3. AM-in a) stator csrayanmm, b) rotor coroyanmm, c) surotinin, d) elektromaqnit momentinin 

qrafikbri. 


NOTice 

Apanlmi? hesablamalardan sonra Matlab/Simulinkdo birba§a i^oburaxma prosesi yerino yetirilmi§dir 
V9 muharrikin dinamiki mexaniki xarakteristikasmm, firlanan bucaq tezliyinin vo elektromaqnit momentinin 
oyrilori alinmi§dir. 

imitasiya modelinin qurulmasmm moqsodi AM-in miixtalif xarakteriskalarmm tez vo keyfiyyarli 
almmasi, salis tonzimbnmonin olds olunmasi, ke^id prosesbrinin tohlili vo s. omaliyyatlarm yerino 
yetirilmosinin sada va alveri§li olmasidir. 

Asinxron miiharrikin riyazi modelinin qurulmasi, i§a salinmasi va kegid prosesbrinin tadqiqi va tahlili, 
asinxron miiharrikli mancanaq dazgahmm elementbrinda ba§ veran dinamiki va energetik prosesbrin 
ara§dinlmasi va tadqiq olunmasi imkanlanm verir . 
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